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SUMMARY 

T his interim report contains a detailed assessment of the small scale measures under 
consideration as part of the Upper Mississippi River - Illinois Waterway System 
Navigation Study. The information generated fo _ this effort will be considered as part 
of the plan formulation process for the System Navigation Study. 

Small scale measures are defined as lower cost me:lsures that can reduce traffic delays 
and congestion at the system locks without the major construction and expense involved with 
extending the existing lock chamber or building a new 1 )ck. The goal of this evaluation is to 
further define and analyze these small scale measures u:iing quantitative and some qualitative 
information. The evaluation focuses particularly on qu2 ntifying the benefits (ability of the 
measure to reduce delays at the lock facilities) and cost: of implementing the measure and 
identifying other relevant considerations. 

The small scale analysis process began in 1994 with the identification of the range of 
possible structural and non-structural small scale altermtives. A total of 92 measures 
originally were identified and qualitatively assessed as ljart of the General Assessment of 
Small Scale Measures interim product report completed in June 1995. The general assessment 
narrowed the list to 16 measures, which were recommerlded for further detailed assessment 
and quantitative study. 

This report assesses in detail the 16 measures carri :d forward from the screening in the 
initial General Assessment report, in addition to some o:her measures resulting from further 
analysis and information. The unpowered traveling ketels measure was added as an 
outgrowth of discussions on extended guidewalls and tcw haulage equipment measures. The 
permanent deck winches and additional personnel meas Jres evolved from the analysis of 
similar crew element measures, The powered ratchets measure was initially considered 
infeasible due to unavailability. However, the recent m mufacture of a commercially available 
powered ratchet, which has been put into limited use by the navigation industry, demonstrates 
the need to evaluate its use. The approach channel impl,ovements measure was initially 
thought to have limited value. Later hydraulic model studies indicated that, on a site-specific 
basis, channel improvements may offer significant time savings. 

These measures were divided into two broad categ lries-structural and non- 
structural-primarily to distinguish between the items requiring construction and those which 
could be implemented with little or no construction. However, combinations of measures, 
such as towboat power with guidewall extensions or rernote moorings, reduce these 
distinctions to some extent. Under these categories, the measures have been grouped with 
other similar measures as listed below. 

Non-Structural Measures 

Towboat Power 
. Helper Boats 
n Switchboats 
n Industry Self Help 

Tolls and Reports 
n Congestion Tolls 
n Excessive Lockage Time Charges 
. Lockage Time Charges 
n Publish Lockage Times 
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Recreational Vessels 
. Scheduling of Recreational Vessel Usage 
n Recreational Craft Landing Above and Below Loc:k 

Optimizing Decisions 
n Scheduling Program 

Structural Measures 

Extended Guidewalls 
Tow Haulage Equipment 

. Powered Traveling Kevel 

. Endless Cable 

. Unpowered Kevels * 
Adjacent Mooring Facilities 
Crew Elements 

. Universal Couplers/Hand Winches 
n Standard Training for Crews 
n Permanent Deck Winches * 
n Additional Personnel * 
. Powered Operated Ratchets * 

Approach Channel Improvements * 

* Measures added after the initial screening. 

Based on the analysis of both the quantitative and qualitative information collected as 
part of this study effort, it appears that several small scale measurc:s used separately or in 
combination have the potential to provide significant time savings at the locks. The cost and 
performance information in this report will be used by the study tc,am to further screen the 
measures, assisting in identifying the most complete, effective, eficient, and acceptable small 
scale measures for consideration in the detailed plan formulation lihase of the study. The final 
product of the System Navigation Study is a feasibility report that is the decision document for 
processing to Congress. 
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Section 1 - Introduction 

SECTION 1 - INTRODUCTION 

This report is organized into four general sections. Section 1 provides the background information 
on the study purpose and scope, lockage process, background and methodology. Section 2 
summarizes the findings of the analysis of each measure, ald Section 3 discusses how each of the 
measures applies to the particular lock sites under consideration in the study-Upper Mississippi 
River (UMR) Locks 1 l-27 and Illinois Waterway (IWW) Locks from Lockport to La Grange. 
Finally, Section 4 provides a more in-depth look at the technical information analyzed and 
development of the cost and time savings data. 

PURPOSE 

The Upper Mississippi River-Illinois Waterway (UMR-IWW) System Navigation Study is a 
feasibility study addressing navigation improvements planning for the UMR and IWW System for 
the years 2000-2050. The study will assess the need for navigation improvements at 29 locks on 
the UMR and 8 locks on the IWW and the impacts of providing these improvements. (Figure l-1 
is a plan view of the UMR-IWW System). This assessment focuses particularly on the lower sites 
on the system-Locks 1 l-27 on the UMR and Lockport to La Grange Lock on the IWW. This 
area of focus was selected to evaluate the principal problem, which is the potential for significant 
traffic delays on the system within the 50-year planning horizon, resulting in economic losses to 
the nation. 

AUTHORITY 

Authority for the UMR-IWW System Navigation Study is contained in Section 2 16 of the Flood 
Control Act of 1970 (Public Law 91-611) which allows for the review of completed Corps of 
Engineers projects when found advisable due to significanly changed physical or economic 
conditions. 

SCOPE OF THIS REPORT 

This assessment represents continued analysis of the small scale measures under consideration as 
part of the UMR-IWW System Navigation Study. The measures being considered fall under the 
study’s definition of small scale measures, which are items that reduce traffic delays at the system 
locks but involve considerably less cost than the construction of new lock facilities (i.e., new 600- 
foot or 1,200-foot locks) or extension of the existing lock chambers. 

The engineering cost and performance data summarized in this report will assist in 
identifying the most complete, effective, efficient, and acceptable small scale measures for 
consideration in the detailed plan formulation phase of the study. However, whether the measures 
fall in the with- or without-project condition and the details of how the measures would be 
implemented and whether they would result in policy changes, new requirements, and who would 
pay, were not thoroughly evaluated as part of this assessment. Rather, the focus was on 
identifying and quantifying the time savings potential and associated costs. Additional concerns 
will be subsequently addressed should implementation be pursued based on the system analysis. 
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Section 1 - Introduction 

Unlike large scale measures which eliminate steps in the lockage process, small scale 
measures primarily decrease delay time for tows by reducing the time required for certain steps in 
the lockage process. Thus, more tows could be locked in a given time period, and delays to tows 
using the lock could be reduced or eliminated. Most small scale measures provide their full 
benefits under heavy congestion. However, with large queues and higher traffic levels, the 
remaining delays may be sufficient to warrant the additional expenditure on large scale 
improvements. 

The small scale analysis process began with the identification of the range of possible 
structural and non-structural small scale alternatives. Originally, 92 measures were identified and 
qualitatively assessed as part of the General Assessment of Small Scale Measures interim product 
report completed in June 1995. The general assessment narrowed the list to 16 measures, which 
were recommended for further detailed assessment and quantitative study. See Appendix A for 
the original list of 92 measures. The initial screening process eliminated those measures which: 

(1) have no potential to reduce delays at locks, 
(2) are not technically feasible, 
(3) are not safe, 
(4) are not environmentally acceptable, 
(5) are economically inefficient, 
(6) are not cost effective, 
(7) should be pursued through industry cooperation rather than Corps of Engineers 

requirements, or 
(8) are addressed through the Corps of Engineers Operations and Maintenance Program. 

This report focuses on conducting a detailed assessment of the 16 measures carried forward 
from the screening in the initial General Assessment report, plus some additional measures 
resulting from further analysis and information. The unpowered traveling kevels measure was 
added as an outgrowth of discussions on extended guidewalls and tow haulage equipment 
measures. The permanent deck winches and additional personnel measures evolved from the 
analysis of similar crew element measures. The powered ratchets measure was initially considered 
infeasible due to unavailability. However, the recent manufacture of a commercially available 
powered ratchet, which has been put into limited use by the navigation industry, demonstrates the 
need to evaluate its use. The approach channel improvements measure was initially thought to 
have limited value. Later hydraulic model studies indicated that, on a site-specific basis, channel 
improvements may offer significant time savings. 

These measures can be divided into the two broad categories of structural and non-structural. 
While some measures overlap to some extent, the categories provide a simple way to distinguish 
between the structural items requiring construction and non-structural items that could be 
implemented with changes in public policy, management practice, regulatory policy, or pricing 
policy. Under these categories, the measures have been grouped with other similar measures: 

1-3 
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Non-Structural Measures 
Towboat Power 

. Helper Boats 

. Switchboats 

. Self Help 
Tolls and Reports 

. Congestion Tolls 
n Excessive Lockage Time Charges 
. Lockage Time Charges 
. Publish Lockage Times 

Recreational Vessels 
. Scheduling of Recreational Vessel Usage 
. Recreational Craft Landing Above and Below Lock 

Optimizing Decisions 
n Scheduling Program 

Structural Measures 
Extended Guidewalls 
Tow Haulage Equipment 

. Powered Traveling Kevel 

. Endless Cable 

. Unpowered Kevels* 
Mooring Facilities (Adjacent to Lock Approach) 
Crew Elements 

. Universal Couplers/Hand Winches 
n Standard Training for Crews 
. Permanent Deck Winches* 
n Additional Personnel* 
n Powered Ratchets* 

Approach Channel Improvements* 

* Measures added after the initial screening. 

BACKGROUND 

The 9-Foot Channel Navigation Project, primarily constructed in the 1930s created most of the 
lock and dam system that serves as a form of river stairway. The dams create the pools of water 
which ensure reliable navigation depths, while the locks provide the means for vessels to be lifted 
or lowered to the next pool. Figures l-2 and l-3 show the river profiles for the UMR and IWW, 
respectively. The 29 lock and dam structures on the UMR and 8 locks and dams on the IWW 
operate on the same principles, although some vary slightly in their actual configuration and 
ancillary equipment. The following section provides some background on the physical facilities, 
elements of a lockage, priority of locking vessels, and factors affecting lockage time. 
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Section 1 - Introduction 

Physical Facilities 

Figure l-4 shows a typical lock site, including the upstream and downstream approaches, the main 
lock chamber, and upstream and downstream lock gates (the doors to the chamber). The 
approaches are those areas where the vessels prepare and position themselves for entry into the 
lock chamber or ready themselves for departure from the area. The upstream approach consists of 
the approach channel, guidewall, and bullnose. Some locks also have guardwalls or approach 
cells. The approach channel, a cleared area, provides a path for tows to approach and align with 
the lock chamber. Flow control structures may be found in the approach channel and are used to 
control the flow of water to assist in aligning vessels for a proper approach. 

The lock chamber, made up of a series of concrete structures, is generally 110 feet wide and 
600 feet long (the main chambers at Locks 19, Mel Price, and 27 are 1,200 feet long). The lock 
chamber is the basin in which the vessel is raised or lowered from one pool to the next. The 
upstream and downstream ends of the chamber consist of structures that include miter gates or lift 
gates, intake and discharge ports, and valves. The filling and emptying system is used to control 
and direct the flow of water into and out of the main lock chamber. 

The guidewall is generally a concrete wall extending upstream and downstream in line with 
the lock chamber. On the UMR and IWW, the guidewalls are generally on the land side of the 
approach channel. They are typically 600 feet in length each, to match the length of the chamber, 
but may be as long as 1,200 feet for those locks with a 1,200-foot chamber. 

These guidewalls are used by the towboats to physically guide their tow into the lock 
chamber. If the tow is not properly aligned, it may not fit into the chamber. Approaching vessels 
align against the wall in preparation for entry into the lock. Sometimes vessels are required to tie 
up against the guidewall while waiting their turn into the lock. Guidewalls are also used to tie off 
unpowered cuts. An unpowered cut is a section of barges (usually 9) that is taken from the front 
end of longer tows that require double lockages. The guidewalls often have armor plating to 
protect them from the constant rubbing of the barges. 

The bullnose is the mass concrete element on the riverside of the approach and acts as 
protection for the lock structure and gives the tow some room to get aligned on the guidewall 
without being constrained by two walls. 

A guardwall is similar to a guidewall, but is located on the riverside of the approach to the 
lock. This location helps to keep errant barges from being pulled into the dam. Guardwalls are 
constructed with openings below the waterline. These openings allow water to flow into the 
channel and then pass out through the openings under the walls, or between the cells. This flow 
will tend to pull the vessel against the wall, aligning the vessel for entry into the lock chamber. 

Cells, whether they are guide cells or mooring cells, are typically made up of sheetpiling that 
has been driven in a circular configuration and then filled with stone or concrete. They form a sort 
of “column” up from the riverbed. Guide cells are typically placed just above the bullnose, on the 
upstream end, and provide the same distance of opening to the guidewall as does the bullnose. 
Towboats traveling downstream use them as a guide. Unpowered cuts traveling upstream and that 
have been pulled out of the chamber use them as insurance against the effects of outdraft. Cells 
located farther away from the lock provide moorings for tows waiting to use the lock. 
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FIGURE 1-4: Typical Lock Configuration, Upper Mississippi River 
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Section 1 - Introduction 

Elements of a Lockage 

Lock performance has been defined as the lock’s ability to lock tows efficiently. The lower the 
lock’s transit time for tows, the higher the efficiency. The focus of the small scale measures is on 
improving overall lock efficiency by reducing the time associated with various steps in the lockage 
process. 

Many steps in the lockage process are of relatively short duration or are not easily alterable 
with small scale measures, such as entering the chamber, gate operations, and chamber filling and 
emptying. In general, the small scale measures in this report seek to reduce the longer time 
elements, including the approach, extracting the first cut, remaking or reconfiguring the tows, and 
exiting the lock. 

Locks are operated through a system of valves, culverts, gates, intake, and discharge ports. 
The locks utilize gravity filling and emptying systems. The culverts and valves guide and control 
the movement of the water into and out of the lock chamber. No pumping is required. Figure l-5 
shows how the filling and emptying system works. 

Most Mississippi River and Illinois Waterway locks are 600 feet long by 110 feet wide. 
Tows that are this size or smaller are able to lock through as a single lockage or in one piece. 
Larger tows, such as the prevailing 15-barge tow size, which is about 1,200 feet long by 105 feet 
wide, must lock through as a double lockage or in two pieces. The double lockage adds several 
steps to the lockage process as well as considerable time. The major elements of a single and 
double lockage, the two most common types of lockage, are summarized below. For these 
lockages, the total lockage time equals the sum of the durations of the lockage steps. Figure l-6 
compares a typical double lockage timeline and a single lockage timeline, while Figures l-7 and l- 
8 provide plan views of the various single and double lockage steps. 

Single Lockage Steps: Only possible when lock chamber is at least as large as the tow. 

(1) Approach 
(2) Entering the chamber 
(3) Gate operation 
(4) Filling or emptying of the lock chamber 
(5) Gate operation 
(6) Exit 

Vessels first approach the lock. The approach process includes the time for the tow to 
approach the lock, align with the guidewall, and place its bow (front of boat) over the sill of the 
chamber. The vessel entry time extends from the time when the tow gets its bow over the sill until 
the tow is fully in the chamber and the gate can be closed. For a vessel traveling downstream (a 
downbound vessel), the lock chamber is first filled, if it is not already at the upper pool level, by 
closing the lower lock gates and the downstream valves and opening the upstream or filling 
valves. The level of water in the chamber rises to the upstream level, as the water from the upper 
pool flows through the culverts and into the lock chamber. The upper gates then open and the 
vessel enters into the chamber by pushing along the guidewall. 
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FIGURE l-6: DOUBLE VS. SINGLE LOCKAGES 
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Complete Approach 
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Complete Entry 
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Lock Tow 
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Exit 
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Total Lockage Time 0:34 

Note: Approx. lockage time in hour:minutes. Diagram shows an exchange 
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FIGURE 1-7: Single Lockage Elements - Downbound at Existing 600-Foot Lock 
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Once the vessel is secured inside the lock chamber, the upstream gates are closed. The vessel 
is then lowered by closing the filling valves and opening the downstream, or emptying, valves. 
The water in the chamber flows back into the culvert and then out into the lower pool, lowering 
the water level within the chamber until it is equal to the water level downstream of the lock. 
When the water level in the lock chamber is even with the lower pool, the lower gates are opened 
and the vessel exits the lock. The process is reversed for vessels going upstream (upbound 
vessels). 

Double Lockage Steus - Double lockages, the most common type of commercial lockage, 
are required when total tow length exceeds the chamber length. 

(1) Approach 
(2) Entering the chamber 
(3) Uncoupling the tow and backing the second cut out of chamber* 
(4) Gate operation 
(5) Filling or emptying of the lock chamber 
(6) Gate operation 
(7) First cut exiting the lock chamber* 
(8) Gate operation* 
(9) Filling or emptying of the lock chamber {opposite direction of step (4)) * 
( 10) Gate operation* 
(11) Second cut enters the lock chamber* 
(12) Gate operation* 
(13) Filling or emptying {same as step (4)) * 
(14) Gate operation* 
(15) Recoupling the tow* 
(16) Exit 

*These steps are only involved with double lockages when the size of the tow exceeds the size of the lock 
chamber. The most common example of this in the current navigation system is with 1,200-foot-long tows 
transiting through 600-foot-long locks. 

Double lockages require several additional steps. The full tow approaches and enters the 
chamber just as a single lockage tow does. However, due to the tow’s length, a first cut 
(unpowered section of tow) must be uncoupled from the front end of the tow and locked 
separately. These cuts, generally consisting of 9 barges, fill the whole lock. The towboat and 
remaining barges then back away and allow the first cut to lock through. For downbound tows, 
once the first cut is at the lower pool elevation, the gates are opened and some form of assistance 
(a tow haulage winch or a switchboat) must pull, or extract, the first cut from the chamber. The 
cut is typically pulled out along the guidewall and tied off to wait for the second cut. When the 
first cut is clear of the gates, the chamber is turned back, goes through the gate operations and 
filling to get the chamber back up to the elevation of the second, or powered, cut. As soon as the 
gate is opened, the second cut can enter the chamber and be locked through as a single. The one 
remaining difference is that before the tow can exit the lock facility it must move forward to the 
first cut and remake its couplings. At sites with 600 feet or shorter guidewalls, the second cut 
usually remains partially inside the chamber while the first cut is along the guidewall, eliminating 
the ability to use the chamber to lock other tows. This is one element of delay that will be 
addressed in this report. 
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Lockage Priority of Vessels 

The use of locks is conducted in accordance with published regulations (33 CFR 207.300) and 
policy notices (see Appendix B). These regulations set lockage priorities based on the 
classification of the requesting vessel. In general, the vessel arriving first at the lock has the 
preference to be the first to be locked through. However, precedence is first given to vessels of the 
United States. Licensed commercial vessels operating on a published schedule or in regular “for 
hire” service are given precedence over cargo tows and like craft. Cargo vessels are given 
precedence over recreational craft. However, the current navigation regulations state that the 
lockage of recreational craft shall be expedited by locking them through with commercial craft 
provided both parties agree. If the lockage of recreational craft(s) can not be accomplished within 
the time required for three other lockages, a separate lockage of recreational craft(s) shall be made. 

Factors Affecting Lockage Time 

A number of factors affect the overall lockage time. These items, which are discussed briefly in 
this section, include tow configuration, type of lockage, site conditions, direction of travel, 
towboat and equipment, and skill of crew. 

. Tow Configuration 

There are several different types of tow configurations for lockage. Most of the locks on the UMR 
and IWW are 11 O-foot by 600-foot locks. Only three locks on the Mississippi River (19, Melvin 
Price, and 27) have 1 lo-foot by 1,200-foot chambers. In addition, ice accumulation on the lock 
walls in the winter tends to narrow the available space for tows in the chambers. Because of the 
size limitations of the locks, many of the tows must be reconfigured before and after locking in 
order to fit in the chamber. Figure 1-9 provides a general indication of the appearance of these 
configurations. 

Straiaht Sinale. In this configuration, a tow’s length and width does not exceed the size of the 
lock chamber it is preparing to enter. It therefore does not require reconfiguration and can transit 
the lock in an expeditious manner. 

Knockout Sinale. In a knockout configuration, the combined length of barges and towboat is too 
long for the lock. A knockout can meet the length and width requirements of a lock by moving the 
towboat off the end of the barges and into a “notch,” or hole, in the barge configuration. Only the 
towboat is required to move in a knockout configuration. 

Setover Sinale. In a setover tow, the towboat and one or more of its barges are separated as a unit 
from the remaining barges to be “set over” to one side in order to fit the lock. 
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FIGURE 1-9: Tow Configurations at a 600-Foot Lock 
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Double (or Multiple). In a double lockage, the length and/or width of the tow exceed the limits of 
the lock and the tow is usually locked through in two or more segments. The most common form 
of double lockage is used to move 15-barge tows through 600-foot locks. The first 9 barges (3 
wide and 3 long) are locked through as the first or unpowered cut. The first cut is secured to the 
guidewall after lockage while the second, or powered, cut (the towboat and remaining 6 barges) 
locks through. 

While all locks receive some of each configuration, the most common configuration on the 
UMR and lower IWW is the double. However, singles and knockouts dominate the lockage types 
at sites farther up the IWW. Table l-l provides some information on the relative percentage of 
each type of tow configuration operating on the system in 1990. 

TABLE 1-1: PERCENTAGE OF TOW CONFIGURATION IN 1990 

Percent Setover 

La Grange 1,282 Lkgs 18.0% 1 9.1% ) 4.3% 1 67.6% 

Note: Peoria and La Grange totals do not include tows passing facility during open pass conditions 

n Type of Lockage 

A vessel can make three types of entries/exits at the lock-fly, exchange, or tumback. 

FIJ. A fly entry occurs when the tow approaches an idle lock that is already at the proper pool 
level to receive it. A fly exit is when the lock will be idle following the vessel’s departure. 
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Exchanqe. An exchange entry or exit occurs when a vessel outbound from the lock passes a 
vessel inbound to the lock. The outbound vessel is in an exchange exit and the inbound vessel is 
in an exchange entry. 

Turnback. A turnback entry occurs when the lock must be turned back, empty of any vessels, 
from a previous lockage to accept the next vessel which is traveling in the same direction as the 
first. A tumback exit is when the lock must again be turned back, empty, to receive the next 
vessel. For example, vessel A is proceeding upstream followed by vessel B. After vessel A is 
raised to the upper pool, the lock is emptied or “turned back” in order to be ready to receive vessel 
B. Also, tows that are too large to fit in the chamber are typically broken down so that the first 
group of barges, the “unpowered cut,” can be locked through, followed by a turnback to lock 
through the powered cut. 

All these types of approaches and exits occur. However, as the traffic level and lock utilization 
rate increase the percentage of fly lockages decreases. Under more severe congestion when 
several same direction lockages are scheduled before taking tows from the other direction, the 
percentage of tumbacks can increase dramatically. Table l-2 summarizes the percentage of fly, 
exchange, and tumback exits of double tows present in 1990. While these numbers vary slightly 
from the percentages for all commercial tows, they indicate the types of approaches and exits 
occurring on the system. 

TABLE 1-2: PERCENTAGE OF TOW EXIT TYPES IN 1990 

Lock 

Percent Turnback 
Percent Fly Percent Exchange Percent Turnback Exit of All 

Exit of Double Exit of Double Exit of Double Commercial 
Lockage Lockage Lockages Lockages 

Brandon Rd 

Dresden Is 

Marseilles 

Starved Rock 

Peoria 

La Grange 

22.0% 50.3% 27.6% 4.9% 

31.7% 42.6% 25.8% 8.0% 

26.2% 47.6% 26.2% 10.6% 

35.8% 40.2% 24.0% 10.4% 

20.5% 39.0% 40.4% 22.9% 

23.1% 30.5% 46.4% 31.4% 

Note: Peoria and La Grange totals do not include tows passing facility during open pass conditions 
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n Site Conditions 

A number of variable site conditions can affect the amount of time required for a lockage. Many 
of the conditions listed in this section vary in time and from site to site. For example, the location 
of a particular lock may increase the maneuvering required to approach the lock or the site may 
have particularly strong outdraft currents due to site conditions. Strong winds can also impact 
lock transit time. 

River Currents. River currents in the UMR and the IWW are affected by the configuration of the 
river basin, the flow of tributaries into the river, the amount of rainfall in the contributing drainage 
basins, releases from hydropower plants and dams, and lock operation. Currents play a major role 
in the maneuvering of vessels, particularly when the vessel is approaching a lock. An example is 
the outdraft currents upstream of the locks and dams, prevalent during high water flow conditions, 
that tend to pull a towboat away from the guidewall and toward the dam. 

Weather Conditions. The weather plays an important role in the operation of vessels on the 
rivers. Rainfall not only affects currents and water levels, but it can also restrict visibility and 
make work on steel decks slippery. Snow and sleet have similar effects, and ice conditions can 
completely shut down traffic flow on the rivers. Locks filled with ice may require both gate and 
valve machinery to be heated. Decks and ladders become slippery, and ice may accumulate on the 
rake end of the barge, increasing the danger of damage to the sill. Wind can significantly increase 
the difficulty in maneuvering tows, especially empty barges. Fog, haze, and smoke may also 
impair visibility, thereby slowing approaches to and exits from the lock. 

Water Level Differential Between Pools. The water level differential between the upper and 
lower pools affects the amount of time it takes to fill or empty the lock chamber. The water level 
for all pools above Lock 27 is controlled by spillway releases from the dams. Locks in the study 
area are typically low to intermediate lift locks with maximum lifts ranging from 8.0 (Lock and 
Dam 17) to 42 feet (Lockport Lock). 

Time of Dav. The time of day also affects the speed of the locking process. Nighttime approaches 
to lock facilities are much more difficult than daytime approaches and, as a result, they tend to be 
slower. 

n Direction of Travel 

An additional factor affecting lockage times is the tow’s direction of travel. Tows traveling 
against the river’s current (upbound) often travel at slower speeds out in the channel than tows 
traveling with the river’s current (downbound). At the lock sites, downbound tows typically 
require longer times due to the difficulty in making the approach. This is especially true in 
outdraft conditions were the river currents pull the tow away from the approach and towards the 
dam. In addition to outdraft, as the downbound vessel slows it loses maneuverability because the 
relative speed of the water flowing past the rudder approaches zero. In contrast, upbound 
approaches maintain greater maneuverability because even at slow speeds the water flowing past 
the vessel’s rudders allows for steering. 
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. Towboat and Equipment 

A variety of towboats are on the rivers today with different characteristics that affect the speed at 
which they can accomplish an approach, exit, or reconfiguration. These vessels’ characteristics 
include, but are not limited to: horsepower; screw and rudder configuration; the availability of a 
bow thruster (or bow boat); and the length, draft, beam and hull shape of the towboat. 

A fully laden fleet of barges has less freeboard, greater draft, and a lower center of gravity 
than a fleet of empty barges. These factors greatly affect vessel maneuverability and thus vessel 
speed on approach to the lock. A lower freeboard means the vessel is less susceptible to the forces 
of the wind, but the greater draft makes the vessel more susceptible to river currents, eddies, 
outdrafts, and tailwater currents. The increased draft also increases the turning radius of the vessel 
as the amount of water beneath the vessel decreases, particularly upon approach to the lock. 

Towboats pushing a mixture of laden and unladen barges or an asymmetrical configuration 
must also account for the changes in vessel handling characteristics resulting from a horizontal 
shift of the center of gravity. A vessel hauling dangerous materials may also be subject to 
additional precautions and slower transits due to the nature of its cargo. 

The mechanical means by which the barges and towboats are fastened to each other affects 
the speed of reconfiguration. Modern equipment can decrease the time it takes to break up and 
make up the setover, knockout, and double tow configurations. 

m Skill of Crew 

The actions of those people on the tows and at the locks play a significant role in lock processing 
time. The master, or pilot, of a vessel must align the tow with the guidewall to enter the lock. The 
deckhands must uncouple any barges for reconfiguration and secure them to the guidewall or lock 
wall. The lock personnel may assist with the mooring lines of the tow and its barges. Once the 
vessel is secure, lock personnel must close the gates, empty or fill the chamber, and then open the 
gates at the opposite end. If extraction of an unpowered cut is required, tow haulage equipment 
must be attached and operated as well. Deckhands will tend lines during exit and reconfiguration 
with assistance from lock personnel if required. The skill of those involved in this process can 
have a substantial impact on the time that it takes to accomplish. 

METHODOLOGY 

The goal of this evaluation is to further define and analyze the remaining small scale measures 
using qualitative and quantitative analysis. The evaluation focuses specifically on quantifying the 
performance or benefits of the measure (i.e., ability to reduce delays at the lock facilities), its cost, 
and to identify other relevant considerations (e.g., safety, implementability, etc.). The following 
items were identified for each measure, with a brief description of this information for each 
measure included in Section 2 and greater detail and specifics included in Section 4: 
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(a) Description of Measure - What the measure involves and how it has been and could be 
implemented. 

(b) Time Savings Estimates - What problem does it solve, and if possible quantification of the 
time savings (e.g., minutes per lockage) including a summary of results of past application 
and study. 

(c) Conditions Affecting Implementation - Are the benefits limited by any factors; will it 
benefit the entire UMR-IWW System, a particular lock, or certain areas; what (if any) 
changes would be required to implement; and any disadvantages of implementing an item. 

(d) Costs - Estimated costs including both the first costs and ongoing operations and 
maintenance. 

(e) Relationship to Other Measures - Is the measure complementary with other small scale 
measures; does it conflict with any. 

(f) Conclusion - Comments on general implications of data gathered for each measure. 

Since significant differences do exist between some sites on the system, the study team 
attempted to maximize the use of site-specific information. The study team decided that where 
detailed distributional site data exist, such as the Lock Performance Monitoring System (LPMS) 
data, its use would be preferred to opinions from interviews. Such distributional data also provide 
a means to incorporate risk and uncertainty into the analysis. The type of data allows subsequent 
study efforts to take into account the distributional aspects, as well as the mean times, for various 
elements. Other information, such as the results of a timing study or model study at a single site, 
was used to assist in developing and verifying the site-specific data. 

The general approach used for this study was to first review available data sources including 
past Corps of Engineers reports, contractor reports, and LPMS data. Following this initial fact 
finding, information was gathered through site visits, interviewing lockmasters, workshops, and 
finally through an Expert Elicitation process. This section highlights some of the sources utilized. 
However, the methodology is further explained in Section 4 for each of the measures on how data 
were collected, analyzed, and applied in evaluating that item. 

One of the first sources of information identified was LPMS data. This data base contains 
detailed information on each lockage occurring on the UMR System. The lock personnel record 
these data at the time of the lockage. The information includes the type of lockage, direction, 
number of barges, tonnage, and various time elements (delay, approach, entry, chambering, exits, 
etc.). The study team selected LPMS data from 1990 for the analysis since it was the last year that 
the St. Paul District collected all the detailed lockage elements. Further review of the average 
lockage times for commercial tows over the past 15 years and flow information for 1990 indicate 
that it is a generally representative year. The exception to the use of 1990 data was Mel Price 
Lock. This facility was not in operation in 1990, so data from an initial year of its operation were 
used. Data from 1992 were used for the 1,200-foot main chamber and 1995 data for the 600-foot 
auxiliary chamber. At most lock sites, over 3,000 commercial lockages occurred in 1990, which 
provides an adequate sample to determine the distributional characteristics of the various lockage 
time elements. The LPMS data summarized in this report focus on UMR Locks 1 l-27 and IWW 
locks from Lockport to La Grange. In most cases, data were evaluated separately for each river 
due to differences in water levels and flow conditions. If initial plan formulation efforts 
demonstrate a need for detailed data for the sites above Lock 11, the data for the evaluated sites 
can be extrapolated or site-specific information can be assembled. 

Lock site visits were initially conducted at UMR Locks 1 l-25 and Peoria and La Grange 
Locks on the IWW in August and September of 1994. Following an initial review of existing 
reports and some preliminary analysis of the LPMS data, the study team determined that 
additional site visits and follow-up calls to the lo&masters were needed. In August 1996, 
members of the Engineering Work Group met at Lock 27 to discuss issues related to Lock 27 and 
Mel Price. Site visits to the other IWW locks, including Starved Rock, Marseilles, Dresden Island, 
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Brandon Road, and Lockport, were conducted in November 1996. Participants at these site visits 
varied, but included State resource agency representatives, U.S. Fish and Wildlife Service 
personnel, and navigation industry interests. In addition to the site visits, follow-up calls to 
lockmasters were made to clarify results and gather additional information on site-specific 
applications of the various measures to the particular lock sites. 

Due to uncertainties in quantifying potential time savings, on January 22, 1997, the study 
team held a Lock Approach Assessment Workshop in Rock Island, Illinois, to assess potential 
approach improvements to locks under the system study and to approximate their time savings 
potential when compared to existing approach conditions. Participants included Corps of 
Engineers staff from various offices, including the Waterways Experiment Station. Field data, 
physical and numerical model results, and the experience of the team members were provided as a 
basis for approximating the approach time savings for various small scale improvements at each of 
the UMR locks and dams. Alternative small scale improvements discussed included: extended 
guidewalls, ported guard walls, channel realignment, and channel training structures. 

Despite the efforts of the study team to gather existing information to define and evaluate the 
various measures, some information was simply unavailable or contained a large amount of 
uncertainty. To address these issues, the Engineering Work Group hosted an Expert Elicitation 
Meeting on February 4 and 5, 1997. This meeting provided valuable information and validation to 
the study methodology. Participants at the meeting included navigation industry; construction 
industry; and Corps of Engineers operations, engineering, and construction personnel. The 
purpose of the expert elicitation process was to obtain estimates and identify uncertainties in time 
savings, costs, and the feasibility of various measures. Four small scale questions were asked 
which provided information where a historical record was not available. In such situations, expert 
elicitation is a recognized methodology for obtaining useful estimates of the uncertain factors. 

Finally, information was obtained from a review of draft data by The American Waterways 
Operators; Maritime Administration; River Industry Action Committee (RIAC); MARC 2000; a 
number of private companies; and Corps Operations Division personnel. This process resulted in 
considerable comments, discussions, and additional data gathering and analysis. This process 
started with the sharing of draft information on January 30, 1998, and concluded with a 
Lockmaster Expert Panel Process on July 30, 1998. The major specific comments centered on the 
safety, horsepower, and cost issues associated with regular use of helper boats, switchboats, and 
industry self help. Based on these comments and subsequent reanalysis, the horsepower 
requirements and associated facilities of most towboat power measures were modified. 

ENVIRONMENTAL CONSIDERATIONS 

Environmental impacts from small scale measures have not been assessed in detail. Some of the 
measures-adjacent mooring facilities, guidewall extensions, and approach channel 
improvements-are structural in nature and have the potential for impacts. Where these measures 
are proposed, the results from Habitat Evaluation Procedures (HEP) evaluations of large scale 
measures could be applied to estimate environmental impacts and costs. 

Small scale measures are discussed briefly within Environmental Report 7, Site Specific Habitat 
Assessment, May 1998. It has been agreed to in agency coordination that any recommended small 
scale measures would be coordinated and evaluated in detail as part of detailed site-specific 
evaluation efforts prior to implementation. 
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NEXT STEPS 

This report quantifies and presents the available engineering cost and performance data on the 
remaining small scale measures. The Navigation Study Team will use the data in this report in 
plan formulation efforts to further screen the list of potential measures to those measures most 
likely for implementation. Some refinement of the cost and performance data may occur as the 
data are further analyzed. The data will then be used, along with the environmental information, 
in the development of alternative plans. 
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SECTION 2 - MEASURES UNDER CONSIDERATION 

This section provides a general overview of the study findings regarding the performance (time 
savings potential) and cost of each of the measures under consideration. Those readers interested 
in the specifics of how these measures apply to each of the lock sites under consideration should 
see Section 3. Finally, Section 4 provides additional detail on supporting information, methods, 
and data used in analyzing the measures, as well as additional cost information and the 
considerations and limitations in applying the data for the systems analysis. 

NON-STRUCTURAL MEASURES 

The first half of this section presents information on the non-structural measures under 
consideration as part of the study. In general, these measures primarily could be implemented 
through procedural or policy changes with little or no construction. 

Towboat Power 

Three separate measures related to the use of an assist boat were carried forward for further 
analysis. These measures include the use of helper boats, the use of switchboats, and the expanded 
use of industry self help. Assist boats can provide additional towboat power to direct tows into the 
chamber, speed the extraction of the unpowered cuts (portion of a double lockage tow that does 
not include the towboat), move the unpowered cut away from the lock facility for remake, and 
provide additional assistance as needed. 

For this report, the three measures were classified by the horsepower rating of the boats. Helper 
boats have the least amount of power, less than 1,200 horsepower, while switchboats typically 
range from 1,200 to 2,500 horsepower. Industry line haul boats generally have greater than 2,500 
horsepower. The amount of horsepower and size influence the type and effectiveness of various 
types of assistance. 

Based on the analysis conducted as part of this study, the study team determined that while 
additional helper boat assistance on approaches may provide some increased benefits at some 
sites, most benefits are already being captured. The majority of incremental towboat power 
benefits are associated with the larger switchboats and line haul boats, which can extract cuts. 
Switchboats can be implemented in one of two ways in combination with extended guidewalls or 
with remote mooring areas. Providing guidewall extensions and mooring areas in combination 
with industry self help allows for a safer and more efficient application of this existing measure. 

n Helper Boats 

Description of Measure. Helper boats are the smallest of the towboats being considered in this 
analysis, averaging approximately 800 horsepower with a range from roughly 300 to 1,200 
horsepower. Helper boats can reduce delays associated with approaching the lock and in some 
cases exiting the lock. They are currently used and are particularly effective when assisting 
downbound tows that must make their approaches or exits under adverse conditions (e.g., outdraft, 
wind, ice, etc.) or with inexperienced crews (see Figure 2-l). This assistance reduces overall 
lockage times by countering the effects of outdraft on the approach, thereby allowing a more 

2-1 



FLOW 

DOWNSTREAM GUIDEWALL UPPER GU IDEWALL 

MISSISSIPPI 

TOW (TRAVEL ING 

DOWNBOUND APPROACH DOWNSTREAM) 

WITH HELPER BOAT ASSIST 



Section 2 - Measures Under Consideration 

controlled, efficient, and safe entry into the chamber. They also can move ice and debris. Since 
some use of helper boats is already occurring, this study analysis focused on identifying what 
incremental benefits are available if use were to increase. Using helper boats to pull cuts along 
extended guidewalls was also evaluated, but it was determined that these boats have inadequate 
horsepower to safely conduct this operation under all conditions. 

In addition to improving approach efficiency, a major benefit of helper boats is increased 
safety related to the reduction in the potential for a major accident or substantial delay related to a 
tow which is unable to successfully maneuver a lock without assistance. Currently, helper boats 
are regularly available at a number of locks, and the majority of other lock sites can have helper 
boats available on relatively short notice. Under current Corps policy, the use of helper boats is 
not required, but their use is strongly recommended during outdraft conditions. In general, most 
companies follow these recommendations in their own interest to increase safety and reduce 
delays. 

Time Savinas Estimates. Potential time savings in the lockage process was only identified for 
downbound lock approaches. Improving other steps in the process, such as pulling the first cut of 
double lockages, were not considered to be safe operations with this size of boat. 

Atwroach. Since most downbound tows currently use helper boat assistance under outdraft 
conditions, there is essentially no additional “with-project” benefit to be gained in these 
conditions. Therefore, time savings was only assessed for assistance to downbound tow 
approaches under normal flows where there is potential for additional time savings. The time 
savings estimates for the Upper Mississippi River (UMR) are tabulated in Table 2- 1. Based on 
information from the Expert Elicitation meeting, the time savings of using a helper boat under 
normal flows for downbound fly and exchange lockages was estimated at 6 minutes for singles 
with a range of 3 to 10 minutes. Double lockage tows were estimated to save 11 minutes with a 
range of 6 to 17 minutes. These ranges exclude the most extreme values possible. The time 
savings for setovers and knockouts was estimated to be between the approach time savings for 
singles and doubles. There are many site-specific differences regarding the achievable 
improvements with the use of helper boats. See Sections 3 and 4 for more information. On 
average, much smaller time savings would be possible for tumback lockages, since many of these 
tows are already able to get on the guidewall during the locking of the previous tow. 

Significant time savings was not anticipated at Illinois Waterway (IWW) locks under normal 
flows, except at Lockport, which has stronger outdraft currents. 

TABLE 2-1: ESTIMATED APPROACH TIME SAVINGS (MINUTES) OF HELPER BOAT ASSISTANCE UNDER 
NORMAL FLOWS AT UMR LOCKS FOR DOWNBOUND FLY AND EXCHANGE LOCKAGES 

Source: Expert Elicitation meeting estimates from February 4, 1997. 

Total Time Savings. In total, it appears that only limited additional benefits would be gained 
by increasing the use of helper boats. In addition, the savings are even more limited in situations 
where a queue exists, since only fly and exchange lockages benefit significantly. However, it 
appears that a few sites could benefit from increased helper boat availability. 

2-3 



UMR-IWW System Navigation Study Detailed Assessment of Small Scale Measures 

Conditions Affectina Implementation. The focus of this analysis was on determining the 
benefits to those tows not currently receiving assistance. However, there is a large amount of 
variability involved with the time savings potential for a particular measure. Many tows already 
receive assistance from helper boats, or there may be situations where a helper boat is unable to 
provide assistance. Some of the tows not currently requesting assistance are the most skilled at 
navigating the locks and could actually be slowed in making their approaches if helper boat 
assistance is required. Some additional factors influencing the potential time savings include the 
experience of the crew and performance of equipment (e.g., age of boat, experience of the pilot, 
etc.). These factors can contribute to significant differences in overall time savings. 

The use of helper boats already occurs on a regular basis and likely will continue and expand 
whether or not a project is completed. This is currently occurring, since use has increased in 
recent years and is likely to continue to expand as traffic levels and safety awareness continue to 
grow. 

Costs. The annual capital and operating costs of helper boats range from $430,000 to $785,000 
per boat for use during the 270-day navigation season. At many sites, some of this cost is already 
being incurred due to the existing use of the boats, and the incremental cost to implement the 
measure would be lower. 

At most sites, only one boat would be required to provide assistance for downbound 
approaches. However, there may be some sites and conditions where a boat could be used 
downstream as well to assist tows in upstream approaches and in leaving the guidewall. 

Relationship to Other Measures. The use of helper boats is compatible with most measures. 
The scheduling program measure, approach improvements, and switchboats all can address 
approach time issues to some extent and, as a result, have reduced joint benefits if combined with 
a helper boat option. 

Conclusion. The use of helper boats to assist approaches is currently occurring in the without 
project, especially at the most congested sites. Additional helper boat assistance may reduce 
approach times at some sites for some tows, but the majority of benefits are already being captured 
and the incremental savings is highly variable and uncertain. 

. Switchboats with Guidewall Extensions 

Description of Measure. Using switchboats in combination with extended guidewalls was 
one of two primary ways identified to implement switchboat use. Switchboats in the 1,800 to 
2,000 horsepower range were determined to be able to safely extract the unpowered first cut of 
double lockages out along an extended guidewall. This process represents the major additional 
time savings, since it provides a faster extraction than the existing tow haulage and allows the next 
waiting tow (traveling in the same direction) to use the lock while the first tow remakes its 
couplings. Switchboats, like helper boats, can also assist tows in approaching the locks in adverse 
conditions and by moving ice and debris from around the chamber. 

To fully implement this measure, the guidewalls must be extended approximately 600 feet, 
using either cellular sheet pile construction with precast concrete panels or DeLong Pier/spud 
barges. This provides space for the powered cut to fully exit the chamber for remake, allowing the 
next tow heading in the same direction to use the lock, while the first tow recouples. 
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Time Savinas Estimates. The four time savings categories are discussed separately below. 

Aotxoach. In general, switchboats can provide the same approach time savings benefits as 
helper boats. However, the fact that at many sites tows already use assistance under normal flows 
limits the potential incremental savings. There is also a wide range of potential factors affecting 
the potential savings, including variability of flow, site-specific differences, the pilot and crew 
skill levels, weather, etc. These factors make it very difficult to accurately predict what, if any, 
additional approach time savings is possible. In addition, when a queue is present and the lock 
operates with multiple turnback lockages, these benefits are even more limited since only fly and 
exchange lockages typically experience the full benefits of approach assistance. As a result, while 
some potential savings is possible, no specific per lockage benefit was identified. 

Pullinn First Cut of Double Lockaaes. The use of switchboats to pull the unpowered cuts of 
doubles was also evaluated. Assistance with this portion of the lockage primarily results in the 
ability to extract cuts faster than the existing tow haulage systems, take the cut farther along the 
guidewall, and hold the cut. 

The average resulting time savings upstream for UMR locks is 7 minutes for upbound and 
9 minutes for downbound lockages. The variation from site to site is provided in Section 4. This 
is only the time associated with clearing the lock gates, allowing the chamber to be turned back for 
the next cut, not the entire time to move the cut and tie it off. 

Remake of Double Lockaaes. Additional time savings can be obtained by pulling cuts far 
enough along an extended guidewall so that the tow can remake without blocking the chamber. 
While this benefits tows waiting in queue, it does not reduce the remake time for the actual 
locking tow. It simply moves the remake process out of the lock chamber. To achieve this time 
savings with a switchboat, a guidewall extension providing a total of 1,200 feet of surface would 
be required. This time savings would result from alleviating the existing condition at locks with 
600-foot guidewalls where a second cut of a tow is unable to clear the chamber until it has remade 
its couplings with the first cut, thus keeping the chamber from servicing other tows. The potential 
time savings is only for tumback lockages, where the next tow locks in the same direction. If the 
next lockage is an exchange (going in the opposite direction), no additional time is saved since the 
first tow is still blocking the approach during its remake. 

Resultant time savings are 15 minutes upbound and 18 minutes downbound for the UMR 
locks, and 19 and 20 minutes for the same estimates for the IWW locks. 

Reduced Chamberina Time - Faster EmDtvinn on Downbound Cuts. Typically, the rate 
of emptying the chamber is reduced when an unpowered cut is waiting in the downstream 
approach for the powered cut to be locked through. The concern over creating turbulent water and 
possibly snapping lines is eliminated if the unpowered cut is pulled 600 feet down an extended 
guidewall for remaking. The time savings is highly dependent on the water level elevation (head) 
difference between pools and location of discharge. At lower flows when head differences are the 
greatest, the time savings would be greater. At higher flows, there would be little or no savings. 
An average savings of 0 to 2 minutes is possible at UMR locks. Larger time savings of 1 to 7 
minutes would be possible at the upper IWW locks where head differences are greater. 

Total Time Savinas. Table 2-2 shows the potential time savings associated with the use of a 
switchboat and extended guidewalls at UMR locks. Similar time savings is possible at IWW 
locks, but approach time reductions would be smaller. Total time savings benefits to tows waiting 
in queue are estimated at 22 minutes per double lockage for an upbound (upstream) tow; 
27 minutes for a tow heading downstream at UMR locks I l-25. The remake time savings only 
applies to tumback lockages where the next tow is heading in the same direction. The remake 
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benefits also do not accrue to the actual tow using the lock, since even if the chamber is available 
it still must remake. This lowers the savings to 7 and 9 minutes, respectively. These time savings 
are dependent on an extended guidewall and the opportunity to remake double lockage tows 
outside of the chamber. A study of the effect of helper boats at the former Lock and Dam 26 site 
to extract unpowered cuts along an extended guidewall and allow remake outside of the chamber 
identified similar time savings of 23 minutes for double lockage tows. 

The actual time savings for a queue depends on the lockage type, the number of tows 
requiring double lockages, how the extraction is handled, and the number of switchboats. 

TABLE 2-2: ESTIMATED AVERAGE TIME SAVINGS FOR 
SWITCHBOAT WITH GUIDEWALL EXTENSIONS AT UMR LOCKS 11-25 

Delay Reduction 

Pulling the unpowered cut 

Remaking the tow (with extended 
guidewalk - turnback lockages only) 
Reduced chambering time 
Total time savings notential* 

Double Lockages Benefits Double Lockages Benefits to 
to Tows Waiting in Queue the Locking Tow 

7 min. upbound 7 min. upbound 
9 min. downbound 9 min. downbound 
15 min. unbound Tow still remakes, location is 
18 min. dbwnbound 
O-2 min. downbound 
22 min. unbound * 

moved to end of the guidewall 
O-2 min. downbound 
7 min. upbound - 

1 27 min. dbwnbound * 1 9 min. downbound 
* Total benefit to waiting tows assuming the next lockage is a turnback. Otherwise, benefits are limited to 7 minutes 
upbound and 9 minutes downbound. I 

There are also some potential benefits to setover and knockout single lockages associated 
with permanent guidewall extensions (see Section 4). 

Conditions Affecting Imolementation. As stated under the helper boat option, there is 
considerable uncertainty in the ability to provide increased approach time savings. As a result, 
this analysis focused on the benefits of switchboats to assist other steps in the lockage process. 

One limitation of using switchboats to pull cuts along extended guidewalls is that they only 
realize remake time savings if the next tow is traveling in the same direction (tumback lockages). 
They also require extended, preferably 1,200-foot, guidewalls. Even with extended upper 
guidewalls, pulling cuts under outdraft conditions does present some safety risks under high flows. 

Comments from Navigation Industry question the safety and reliability of using DeLong 
Pier/Spud Barge guidewall extensions. The expressed concerns regarding the safety of using 
1,800 horsepower boats if flow moves underneath the walls, impaired ability to approach the lock, 
potential for the wall and tows to be damaged, and increased downtime. Industry does not believe 
DeLong Pier/spud barge guidewalls are an acceptable alternative, and they instead strongly 
recommend using permanent guidewall extensions. 

The annual cost of a 1,800 to 2,000 horsepower switchboats is approximately $1,129,000 Costs. 
per boat for 270 days of use. At sites lacking an auxiliary lock (currently most sites), two 
switchboats and upstream and downstream guidewall extensions would be required to provide 
maximum benefits. In addition, the placement of cellular sheetpile construction or DeLong Pier 
guidewall extensions, and their associated costs, would be required. A 600-foot DeLong Pier 
guidewall consisting of three 200-foot piers, has a first cost of approximately $3.2 million per 
wall. In addition, a few sites would require some minor bank excavation or other site prep work. 
The estimated first cost of permanent guidewall extensions averaged $23 ..5 million for the 
upstream walls and $12.9 million for downstream guidewalls at UMR sites. The cost for 
permanent guidewalls at IWW sites is estimated to be much higher, $60 to $80 million per wall, 
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due to impacts to navigation during construction. There are also considerable differences in 
annual cost and expected life. 

RelationshiD to Other Measures. The use of switchboats is compatible with most measures. In 
particular, traditional or DeLong Pier guidewall extensions are required to fully implement using 
switchboats to extract cuts. The use of scheduling to increase the number of tumback lockages 
also increases the potential benefits of this measure. 

The scheduling program measure and approach improvements can also address approach time 
issues to some extent and, as a result, have reduced joint benefits if combined with a switchboat 
option. Regarding pulling cuts, the tow haulage equipment, switchboats with remote remake, and 
industry self-help measures provide similar assistance and would likely not be jointly selected. 

Conclusion. Use of switchboats, in combination with extended guidewalls, could provide 
significant time savings and should be considered at sites experiencing significant delays. 

n Switchboats with Remote Remake Areas 

Descridion of Measure. In contrast to the previous measure, larger boats in the 2,200 to 
2,400 horsepower range were determined to be necessary to safely extract the unpowered first cut 
and push it to a remote mooring under all flow conditions. The additional size allows them to 
remove an unpowered cut from the chamber and move it to a remote mooring facility, as shown in 
Figure 2-2. Due to safety concern, switchboats would not be used to back cuts upriver, above the 
dam. Instead a short guidewall extension, roughly 300 feet, would be provided allowing the 
switchboat to extract the cut, tie it off, uncouple from the cut, move to the downstream end, 
recouple, and then push upstream to the remote mooring. Remote remake increases the flexibility 
over scheduling or the use of switchboats with guidewall extensions, since exchange lockage tows 
can also remake out of the approach path. Switchboats can also assist tows in approaching the 
locks in adverse conditions and by moving ice and debris from around the chamber. Using 
switchboats in combination with remote remake areas can also reduce chambering times by 
allowing faster releases of water from the chamber. 

At most sites, the placement of upstream and downstream mooring facilities is required. If 
extended guidewalls were available at the locks, tows could remake along them and only the last 
tow of the N-up/N-down series would need to be taken to a mooring facility for remaking to open 
the approach for tows headed in the opposite direction. 

Time Savinas Estimates. The four time savings categories are discussed separately below. 

Atwroach. As stated under the previous section, switchboats can provide the same approach 
time savings benefits as helper boats. However, potential incremental savings are limited by the 
existing use of helperboats and a number of other factors and conditions. As a result, while some 
potential savings is possible, no specific per lockage benefit was identified. 
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Pullina the First Cut. Assistance with this portion of the lockage primarily results in the 
ability to extract cuts faster than the existing tow haulage, taking the unpowered cut along the 
guidewall or to a remote mooring. Using LPMS data to analyze extraction times, a time savings of 
7 minutes was estimated for upbound lockages and 9 minutes for downbound lockages at UMR 
Locks 1 l-2.5. Upbound times were reduced from approximately 14 minutes using the existing tow 
haulage to 7 minutes with switchboat assistance. Downbound lockages were reduced from 17 to 
8 minutes. This is only the time associated with clearing the lock gates allowing the chamber to 
be turned back for the next cut, not the entire time to move the cut and tie it off. 

Remake of Double Lockaaes (Exit and Clear Second CutI. An additional time savings can 
be obtained by pulling cuts far enough so that the tow can remake without blocking the chamber. 
This alleviates the existing condition at locks with 600-foot guidewalls where a double lockage 
tow is unable to exit the chamber until it has remade its couplings, thus keeping the chamber from 
servicing other tows. Unlike the previous switchboat option using guidewall extensions, this 
benefits both exchange and tumback lockages, since remake occurs clear of the lock chamber, 
guidewall, and approach path. While this process allows the next tow to use the lock earlier, it 
does not reduce the actual remake time for a particular tow, it just occurs at a facility where it does 
not cause delay to tows in the queue. If the time is included to move both cuts to the remote 
mooring, align them, recouple, and then leave the mooring area, it is likely that the process will 
actually take as long or longer than the existing process. 

The general sites under consideration for remake areas are shown in Figure 2-3. The 
estimated time savings at UMR locks are 15 minutes for upbound tows and 18 minutes for 
downbound tows. This savings represents a reduction in the existing tow exit and clear time of the 
second cuts from approximately 20 and 24 minutes to 5 and 6 minutes, respectively, for 
downbound and upbound tows. At IWW locks, time savings of 19 and 20 minutes are estimated 
for upbound and downbound tows, respectively. Again, there are site-specific differences in the 
time savings (see Sections 3 and 4 for more information). 

While in general the proposed operations would work as a way to reduce times, without 
significantly reducing the benefits identiIied for faster extraction and remote remake. However, 
there is a high likelihood of some events occurring where the overall benefits are reduced, due to a 
given tow or group of tows taking longer on one or a number of steps. This is especially likely at 
sites with faster chambering times, more distant remote remake areas, or during periods of adverse 
conditions. This could lead to delays in the switchboat returning to the lock to pull the next cut 
and delays at the mooring facility while the previous tow completes its remake. The delays in 
getting the switchboat back to the lock can be addressed by moving the other assist boat to the 
same pool to alternate pulling cuts. 

Reduced Chamberina Time - Faster Emotvina on Downbound Cuts. Typically the rate of 
emptying the chamber is reduced when an unpowered cut is waiting in the downstream approach 
for the powered cut to be locked through. The concern over creating turbulent water and possibly 
snapping lines is eliminated if the unpowered cut is removed and taken to a mooring facility for 
remaking. The time savings is highly dependent on the head difference and location of discharge. 
At lower flows when head differences are the greatest, the time savings would be greater. At 
higher flows, there would be little or no savings. An average savings of 0 to 2 minutes is possible 
at UMR locks. Larger time savings of 1 to 7 minutes would be possible at the upper IWW locks 
where head differences are greater. 
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Section 2 - Measures Under Consideration 

Total Time Savings. As Table 2-3 indicates, a variety of time savings appears possible with 
the use of a switchboat and remote remake areas at UMR locks. Similar time savings is possible 
at IWW locks. In total, it appears possible to reduce lockage times by 20 to 30 minutes. 

While the tows waiting in queue generally can benefit from the full 22- to 27-minute 
reduction in lockage time, the actual tow being assisted is likely to require more time to use the 
lock and remake area than before. Estimates show that an upbound tow is likely to spend from 
5 to 25 minutes more in the lockage process than it would currently. This is primarily due to the 
additional time required to move both cuts to a remote site, approach the mooring, face up, and 
then remake. Downbound tows, which are not required to turn around, will have more limited 
increases in overall processing time. However, since some of this additional time (roughly 7.5 to 
15 minutes) is associated with moving to the mooring, which also moves the tow closer to its 
eventual destination, only the additional approach and maneuvering time represents an added 
inefficiency. This results in a more limited additional time of approximately 5 minutes, associated 
with the need for an additional approach at the mooring area. 

TABLE 2-3: ESTIMATED SAVINGS FOR SWITCHBOAT USE 
WITH REMOTE REMAKE AREAS AT UMR LOCKS 11-25 

Delay Reduction 
Pulling the Unpowered Cut 

Remakina the tow (aoolies to both 

Double Lockages Benefits Double Lockages Benefits 
to Tows Waiting in Queue to the Locking Tow 

7 min. upbound 7 min. upbound 
9 min. downbound 9 min. downbound 
15 min. uubound Tow still remakes, location is 

turnbackand exchange lockages) 18 min. dbwnbound 
Reduced chambering time O-2 min. downbound 
Additional time reauired to approach & NA 2’ 

moved to end of the guidewall 
O-2 min. downbound 
Delay 5 min. upbound 

align with cut at remote site Delay 5 min. downbound 
Total time savings potential 1’ 22 min. upbound * 2 min. upbound 

27 min. downbound * 4 min. downbound 
1’ Total does not include approach assistance, but assumes 300-foot upstream guidewall extension and remote mooring. 
2’ The additional time to approach and align at the remote site does not impact other waiting tows. 

Conditions Affectina Implementation. A key requirement for the implementation is the 
existence of moorings located out of the approach path. The placement of the mooring facilities is 
a site-specific consideration; however, an average distance to the mooring sites is roughly % to 
1 mile from a lock. The length of the mooring facilities (farthest tie-up points) should be 600 feet 
or greater to be effective. For pushing tows upstream, it is estimated that the switchboats should 
have a minimum of approximately 2,250 horsepower to overcome the outdraft currents. 

The use of remote remake area, especially above the lock, increases risk and presents some 
safety concerns, More maneuvering and handling of barges is required. The increased handling of 
the barges upstream of the dam increases the chance of damage to the dam and barges. In 
addition, the pattern of flow and position of moorings affect the ability to use this measure. The 
increased numbers of operations required by remote remake also increase variability and the risk 
that the full time savings will not be achieved on any particular lockage. 

Costs. Implementing a switchboat measure involves three primary costs-switchboats, remote 
moorings, and 300-foot upstream guidewall extension. The annual cost to operate a 2,200 to 2,400 
horsepower switchboat for 270 days per year is estimated at $1.3 million per boat. To provide 
maximum benefits, two switchboats would be required at sites lacking an auxiliary lock. 
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However, with full implementation of switchboats, the existing use of helper boats could be 
eliminated at most sites, reducing the incremental cost to implement the measure. 

Some significant additional costs would be associated with providing mooring facilities at 
locations where they are not available. One option would be the use of a combination of cells and 
spud barges, flat deck barge with four spuds, or pilings which can be driven into the river bottom 
to anchor the barge in place. This alternative is estimated to cost $3.7 million per mooring, 
including maintenance. Most sites in the study area would require placing a remote remake area 
both above and below the lock for a total first cost of over $7.4 million per site. In addition, a cost 
of approximately $40,000 per barge per year would be expected for barge placement, maintenance, 
and repair. Major repairs would be required every 5 years at a cost of $200,000 per barge. 

The first cost of a 300-foot upstream guidewall extension ranges from $2.1 million for a 
DeLong Pier wall to $11.7 million for cellular sheet pile construction. The costs for IWW sites 
are estimated to be $30 to $40 million higher per wall due to impacts to navigation during 
construction. This is due to the fact that there is not a winter closure period that allows for non- 
conflicting construction. 

RelationshiD to Other Measures. The use of switchboats increases savings when combined with 
most measures. In particular, remote mooring facilities or extended guidewalls for remaking cuts 
out of the chamber are required for efficient use of switchboats to extract cuts. Scheduling both 
commercial and recreational vessels also assists in maximizing the benefits of using switchboats. 

When switchboats are available, they fill the same role in most instances as helper boats, tow 
haulage equipment, and industry self-help policy. While these measures are not mutually 
exclusive, a number of the benefits overlap, therefore the benefits are reduced when an additional 
measure is used when others are in place. If the switchboats remove the unpowered cuts to 
mooring facilities away from the locks for remaking, the benefits of crew elements are reduced 
since the recoupling would be done out of the queue and the lock could be used by other tows. 

Conclusion. Switchboats in combination with remote mooring facilities provide time savings 
greater than those provided by industry self help and allow for remake assistance of exchange 
lockages which switchboats with just guidewall extensions can not assist. However, this measure 
includes more operations and variability than using switchboats with guidewall extensions. 

. Industry Self Help 

Descriotion of Measure. Self help requires the towing industry to extract unpowered cuts without 
the assistance of lock personnel or equipment. In most cases, these line haul towboats have 2,500 
to 6,000 horsepower, substantially more than either helper boats or switchboats. When self help is 
implemented, a waiting tow ties off its barges and begins assisting other tows. The assisting boat 
acts as a switchboat, removing the unpowered cut from the lock and pulling it along the guidewall 
or to a remote mooring area. See Section 4 for a description of the process and a figure showing 
the process. Under the existing procedure, a tow waiting to lock in the opposite direction is often 
used as a mooring. The powered cut is then able to simply lock through and proceed away from 
the chamber. One advantage of a self-help policy is that with little or no additional investment it 
can serve as a temporary measure and be implemented as needed. 

Implementing self help requires significant coordination and cooperation among the various 
towboat companies. This direct involvement of industry allows for a large amount of flexibility to 
address location- and queue-specific issues. Some use of this measure will likely continue into the 
future regardless of any actions taken by the navigation study. However, as part of adapting this 
measure for use as a standard procedure, various facilities could be provided to improve 
efficiency, safety, and reduce environmental impacts. Specifically providing 600-foot guidewall 
extensions would allow tows to safely remake at the lock site and eliminate the need for tows to 
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regularly back cuts to remake areas. In addition, mooring cells could be added to the site to 
provide moorings for assisting tows to tie off their cuts to, as well as two cells for a waiting tow to 
tie off to when serving as the remote remake facility. This results in three potential ways to 
implement self help: without additional facilities, with remote moorings, or with guidewall 
extensions. 

Time Savinas Estimates. Self help primarily provides assistance in reducing lockage times for 
double lockage tows in the same ways as switchboats do. In addition, the total remaking time can 
be reduced in some cases since the crew of the assisting tow helps with the recoupling. If the 
towboats assist with lock approaches like helper boats, they can also reduce delays associated with 
approach times, but they are less maneuverable and efficient in providing approach assistance and 
do not typically provide this type of assistance. 

Pullina the First Cut of Double Lockaaes. As part of self help, industry tows pull cuts from 
the lock chamber. They typically are able to extract cuts somewhat faster than the existing tow 
haulage and take the unpowered cut along the guidewall or remove the unpowered cut to a remote 
site. However, due to the larger lines and reduced maneuverability of line haul boats, smaller time 
savings are expected than those estimated from the use of helper boats or switchboats. Using 
industry boats under the self-help policy to pull cuts is expected to yield time savings of 1 and 
3 minutes for upbound and downbound lockages, respectively. The resulting time savings vary 
from site to site as indicated in Sections 3 and 4. 

Remake of Double Lockaaes. An additional time savings can be obtained by pulling cuts 
far enough so that the tow can remake without blocking the chamber. Functioning like 
switchboats, line haul boats can pull cuts to the end of extended guidewalls or to remote moorings, 
thereby benefiting both exchange and turnback lockages. The estimated time savings is 
15 minutes for upbound tows and 18 minutes for downbound tows at UMR Locks 1 l-25. The 
same time savings would be possible using the self help in combination with extended guidewalls, 
but would only apply to turnback lockages. However, if only the existing guidewalls are available 
and cuts are pulled to the last check post (last pin), the time savings would drop to 13 minutes for 
upbound tows and 15 minutes for downbound tows because the tows have to exit slower and face 
up to their cuts prior to the start of gate closure. However, not all tows will benefit from the 
remake time savings. Tows would not back cuts upstream for remote remake during strong 
outdraft conditions. In addition, not all tows can use the existing guidewalls, since some of the 
larger towboats could not fit in the space between the last check post and the lock gates. 

Reduced Chamberina Time - Faster Em&inn on Downbound Cuts. As stated for the 
switchboat options, the concern over creating turbulent water and possibly snapping lines is 
eliminated if the unpowered cut is removed and taken to a mooring facility for remaking or 
sufficiently far enough down an extended guidewall. This results in an average savings of 0 to 2 
minutes at UMR locks. Larger time savings of 1 to 7 minutes would be possible at the upper 
IWW locks where head differences are greater. 

Total Time Savinas. Table 2-4 generally indicates the amount of time savings associated 
with the use of industry self help at UMR locks. The primary difference between the use of 
industry line haul boats and helper boats and switchboats is that generally line haul boats do not 
provide approach assistance and their slower face-up reduces the savings associated with the exit 
and clear of the first cut. In total, however, it appears possible to reduce double lockage times by 
15 to 20 minutes. The actual time savings for a queue depends on the scheduling approach, 
number of tows requiring double lockages, where the tows remake (guidewall, mooring, or waiting 
tow), and the number and experience of the assisting boats. 
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While tows in queue can benefit from the entire time savings, the actual tow locking through 
may actually spend more time in the lockage process if remote remake is used. This is similar to 
the times associated with using switchboats and remote remake discussed previously. The 
additional time required to approach a remote mooring is an additional time requirement, reducing 
any time savings gained by the faster extraction. Remake times from the perspective of the 
locking tow remain virtually the same regardless of the location. 

TABLE 2-4: ESTIMATED SAVINGS OF INDUSTRY 
SELF HELP WITH GUIDEWALL EXTENSIONS AT UMR LOCKS 11-25 

Double Lockages Benefits Double Lockages Benefits 
Delay Reduction to Tows Waiting in Queue to the Locking Tow 

Pulling the unpowered cut 1 min. upbound 1 min. upbound 
3 min. downbound 3 min. downbound 

Remaking the tow (with extended 15 min. upbound Tow still remakes, just location 
guidewalls - turnback lockages only) 18 min. downbound is moved out of chamber 
Reduced chambering time O-2 min. downbound O-2 min. downbound 
Total time savings potential* 16 min. upbound * 1 min. upbound 

21 min. downbound * 3 min. downbound 
* Time savings would be virtually the same if tows were pulled to the last pin on the existing guidewall. However, the 
remake/exit of the second cut would take an additional 2 to 3 minutes, reducing time savings, and a smaller portion of 
tows would benefit. 

The numbers shown in the preceding table apply to the use of industry boats with 1,200-foot 
lock guidewalls. In instances where the cut is pulled to the last pin on the existing 600-foot 
guidewall, the benefits are reduced. In these instances, the time savings is reduced because the 
second cut will exit more slowly, reducing the savings identified by 2 to 3 minutes. In addition, 
the existing guidewall does not have adequate length to allow the largest tows on the system, most 
5,000 and 6,000 horsepower boats, to remake without blocking the chamber. 

The use of self help, especially without the addition of facilities, may not be implementable 
under some conditions. The benefits shown would likely be unattainable for upbound tows during 
outdraft conditions. Benefits would not accrue when smaller queues are present and during 
periods of lower economic incentive. There may also be unacceptable impacts associated with 
routine use of remote remake if facilities are not provided. 

Conditions Affecting Implementation. The key elements to implementing industry self help are 
cooperation of the various industry groups and an adequate queue of 10 or more tows. The 
potential for this coordination has been established by RIAC; however, additional discussion 
regarding each site on the system would likely be required to develop a negotiated agreement for 
each site. In addition, the willingness of various tow companies to handle each other’s tows on a 
more regular basis must be addressed, in contrast with existing practice which is typically 
associated with unusual events such as emergency closures, accidents, and ice conditions. 
Productive implementation of self help requires the presence of a relatively large queue. In 
situations with more moderate congestion and delay (e.g., six waiting tows or less), self help 
would likely provide relatively little time savings since the helping towboat would require time to 
return and recouple with its barges before locking. 

The willingness of industry to participate in the long term is also based on the potential for 
increased risks, which could lead to higher accident rates and increased insurance rates. If higher 
accident rates are experienced resulting in higher costs, the use of these types of operations and 
facility requirements would be re-evaluated. The additional use of equipment and lines could also 
affect maintenance costs and equipment life. 
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There is also a need to determine whether designated mooring areas are required at each site. 
The assisting tow can leave its barges with another waiting tow while it provides assistance and 
the locking tow can remake along a waiting tow. However, the presence of moorings in these 
areas can provide safety and environmental improvements. Designated mooring areas would 
allow tows to idle at slower rates as well as avoid the need to push into the bank or tie off to trees. 
There are a number of options for mooring facilities (e.g., cells, spud barges, bank anchors, etc.). 

Some of the benefits may be more variable than under a switchboat or helper boat option. 
Industry self help relies on participation and coordination. The overall level of effectiveness also 
varies based on the assisting captain, crew, and power and maneuverability of assisting towboats. 
The crew of a line haul boat would not know a particular lock site’s conditions as well as a 
switchboat or helper boat crew assigned to that lock. The crew of designated assist tows (helper 
boats or switchboats) would also become highly efficient through repetition and specialization at 
one lock site in pulling and backing cuts to the designated remakes. 

In contrast to the other towboat power options, it is difficult to determine the cost of using Costs. 
industry self help. The actual cost of industry self help would be any added variable costs 
(primarily fuel use at approximately $50 hour, risk, and wear on its equipment), estimated at 
roughly $324,000 per boat per year. This cost covers fuel expense for one tow, 24 hours a day, 
during the 270-day navigation season. It is anticipated that this overstates the need for assistance, 
especially in the early years of the analysis period. However, in identifying costs, only the cost of 
additional fuel was quantifiable given available data. Some expense related to increased insurance 
rates and increased wear on equipment would be expected, but the magnitude is unknown. 

There also would be some significant costs associated with additional mooring cells, remote 
remake areas, or guidewall extensions where they are required. These costs are similar to those 
discussed previously for facilities with switchboats. For more information on these costs, see 
Sections 3 and 4. 

RelationshiD to Other Measures. The use of industry self help adds additional savings when 
combined with most measures. In particular, mooring facilities or extended guidewalls for 
remaking cuts along greatly improves the efficiency of using self help to extract cuts and would be 
required at most sites to fully implement the measure. Scheduling both commercial and 
recreational vessels can also assist in maximizing the benefits of self help. However, the 
flexibility currently used in implementing N-up/N-down as part of the self-help policy diminishes 
the potential for future benefits associated with better scheduling. 

The implementation of a self-help policy typically provides similar benefits as helper boats, 
switchboats, and improved tow haulage equipment. While these measures are not mutually 
exclusive, self help can provide a significant portion of the benefits at a lower incremental cost to 
industry. If the towboats remove the unpowered cuts to mooring facilities away from the locks for 
remaking, then the benefits of crew elements are reduced since the recoupling would be done away 
from the lock while other tows are using the lock facility. 

Conclusion. Self help provides industry an option to obtain a portion of the towboat power 
assistance benefits at little additional out-of-pocket expense. As a result of expected performance 
improvements (time savings) which are near the level of helper boats and switchboats and lower 
incremental cost, this measure is recommended to be carried forward for more in-depth 
consideration. 
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Tolls and Reports 

The toll collecting and reporting measures are forms of demand management that seek to reduce 
delays through creating incentives to reduce overall lockage times and shift demand away from 
congested locks. Federal law currently prohibits the charging of tolls for watercraft passing 
through locks (33 U.S.C. 5). If a fee measure is ultimately selected for implementation, the 
recommendation to change the current Federal law which prohibits charging tolls would go 
forward with the final feasibility report. While the issue of how the money collected would be 
used does not affect the study analysis, it is assumed that it would be designated for use in 
defraying navigation-related costs on the system (navigation improvements, operations and 
maintenance, etc.) or placed in the Inland Waterways Trust Fund. 

This section addresses four measures: congestion tolls, excess lockage time charges, lockage 
time charges, and publishing lockage times. Of these measures, congestion tolls would have the 
greatest direct cost to industry. In contrast to the other measures in this section, which primarily 
focus on creating incentives for vessels to lock faster, congestion tolls are primarily directed at 
addressing overall demand for the locks. While primarily intended for commercial lockages, tolls 
and lockage charges could also be collected from recreational users. 

n Congestion Tolls 

Descriotion of Measure. Tolls would be collected from tows and possibly recreational craft that 
are using congested locks. While congestion tolls are typically charged during a particular peak 
period of demand, analysis has demonstrated that there is little regular variability in commercial 
waterway traffic except as influenced by seasonal weather (e.g., winter closures, spring flooding). 
As a result, it would appear that a more effective use of the congestion toll is to charge a fee at all 
locks experiencing a significant delay, or a licensing fee to operate on the system. The tolls would 
be developed to shift the potential traffic away from these congested locks to alternative modes of 
transportation or other inland waterway systems. 

Applying congestion tolls would not increase system throughput, but rather would provide a 
mechanism to ration the resource and provide an incentive to coordinate and schedule transit to 
avoid congestion. However, the issues of how tolls would affect the demand for lockages, the 
behavior of the barge operators, and the potential creation of an incentive to change tow 
configurations need to be evaluated. To provide a reasonable incentive to the towing industry, 
tolls could be charged based on lockage time and set at the expected delay cost of tows waiting in 
queue. This would create a mechanism for tows to internalize the delay cost they impose on other 
tows. A more simple approach administratively would be to charge a licensing fee to operate on 
the system. The fee could be set at a level to reduce overall demand for the system or, if 
necessary, the number of licenses could be limited. 

Time Savinas Estimates. The collection of a congestion toll would be targeted at reducing the 
overall traffic at congested locks. This measure, when properly implemented, can provide 
significant delay reduction by reducing traffic and shifting marginal traffic movements to other 
modes or areas. 

A systems evaluation is needed in order to appropriately set the level of tolls and adequately 
evaluate the impacts. This measure should be carried forward for analysis using the systems 
models being developed to analyze the UMR-IWW System as part of this study. 

Conditions Affecting Implementation. A number of factors are likely to influence the ultimate 
implementation of this measure. One key concern is the response of the navigation industry which 
has historically opposed congestion tolls and other fee options. Depending on how the tolls are 
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structured, users may not know if congestion tolls will be in effect until radioing or reaching the 
lock. In this instance, additional information on real-time traffic flow may be needed to assist 
industry in avoiding peak periods of delay. If tolls were extended to recreational users, these 
users’ responses also would likely be negative. Congestion tolls as a form of a user charge also 
raise issues surrounding the efficiency and fairness aspects of the charges. 

In addition, rationing systems traffic could result in negative regional economic impacts and 
changes in water-compelled rate impacts on other modes. The tolls also have the potential to 
negatively impact the profitability of various towboat companies. 

A low-cost and unburdened method of toll collection would need to be developed, both from 
staffing and budget perspectives. One potential for billing would be an adaptation of the existing 
LPMS data base. As lockage data are collected, the program could be developed to record the 
company name and lockage time for consolidation and billing on a periodic basis. 

Cost. The primary costs associated with this measure include developing a congestion toll policy 
and structure and collecting the tolls. The estimated cost of this measure is $465,000 for a study to 
develop an approach, set toll levels, and establish a billing and bookkeeping system. There would 
also be an annual cost of about $235,000 for bookkeeping and fee collection for the entire system. 
Despite these costs, this measure is estimated to produce revenue in excess of costs. Tolls on 
recreational craft would need to be set at a lower level than commercial traffic, but would still be 
highest at those locks with the greatest delay and lowest at locks with less traffic and delay. Two 
potential major economic costs to the nation and region are increased shipping costs on remaining 
modes because of reduced transportation options, and negative impacts on recreation, a significant 
economic activity in the study region. 

RelationshiD to Other Measures. Other time reduction measures could be implemented along 
with congestion tolls. However, congestion tolls, focused on eliminating significant delays by 
reducing traffic at the most congested lock sites, could potentially reduce traffic to levels low 
enough to eliminate the need for other measures. In addition, due to the complexity of a multiple 
fee structure and goals of congestion tolls, combining them with other fee collection measures is 
not recommended. 

Conclusion. Additional analysis to determine the feasibility of congestion tolls requires using the 
UMR-IWW System Navigation Study systems models to determine the actual ability to address 
congestion and whether there are sites and periods of congestion that tolls could address. 

n Excess Lockage Time Charges 

Description of Measure. This measure would charge a fee to users who have an “excessive” 
lockage time at a particular lock. The fee creates an incentive specifically designed to modify the 
operations and behavior of the companies and crews with the slowest lockage times. To 
implement the measure, what constitutes an “excess” lockage time would be defined for each lock, 
and users exceeding that time would be assessed a fee. The level of the exceedance that triggers 
the charge would be based on a statistical analysis of the distribution of historic lockage times at a 
particular site. While the specifics of the measure would be determined at a later date in 
coordination with the navigation industry, the times would be determined on a site-specific basis 
in consideration of weather, river, and lock conditions. 

While this measure involves the collection of a fee, it varies considerably from a congestion 
toll. In this case, the fee is set at a much lower level so that the incentive is to improve lockage 
efficiency rather than limit use of the system. In addition, the charge is only applied to the tows 
with the longest lockage times rather than all of the tows in a queue. However, the charging of 
any fee does have the potential to eliminate some traffic movements. 
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Time Savinas Estimates. Fee collection for excessive lockage times creates an economic 
incentive for especially the slowest crews and companies to improve their practices and avoid the 
time charge. This could sometimes result in significant time savings for other tows, since a slow 
tow in a queue can considerably delay all other waiting tows. It may also create further incentives 
for industry to pursue time savings measures such as increased use of approach assistance, 
additional crew training, development of better couplers, or other equipment improvements to 
reduce lockage times and avoid charges. There are many uncertainties in estimating the efficacy 
of this measure. 

Conditions Affectina ImDlementation. It would be very difficult to arrive at an acceptable 
criterion to define an excess lockage time by site and by lockage type that would be agreeable to 
the Corps, navigation industry, and recreational users. This is due to the problems associated with 
attempting to take into account variable site, weather, and river conditions. 

As with congestion tolls, the response of the navigation industry is of primary interest. One 
of the primary concerns with this measure is the potential to create incentives to reduce safety 
practices in an effort to lock faster and avoid charges. In addition, a suitable method of collection 
would need to be developed. 

This type of measure could present equity concerns among those locking. By design, the 
charges only apply to a portion of the total traffic using a lock in an attempt to create an incentive 
for tows to beat some time standard. This leads to some inequity around the point where the fee is 
implemented. Tows locking just a few minutes faster may not pay any fee, while other tows 
taking just a little longer would pay the time charge. However, both tows in this example would 
cause nearly equal delays in the queue. The charges may also disproportionately impact small 
operators and others less able to update equipment and provide additional personnel. 

Costs. The costs of implementing this measure would be essentially the same as those for 
developing a congestion toll. These costs for the entire system include: 

n Determining the sites where the measure should apply, developing a fee structure, and 
coordinating with the public and navigation industry (total of $465,000). 

. Administration of measure (bookkeeping and fee collection) ($235,00O/year). 

Relationship to Other Measures. The collection of excessive lockage time charges would 
provide benefits in combination with other time reduction measures. Since the relative lockage 
time of the particular crew determines if a fee is collected, the incentive to eliminate slow lockages 
would remain even if other measures are in effect and average lockage times reduced. However, it 
is recommended that this measure not be implemented with other fee collection structures due to 
the complexity of tracking and collecting multiple fees. 

Conclusion. Determining what constitutes an excess lockage time presents some problems based 
on variability in conditions. Additional analysis is required to determine the actual ability to 
address delays and whether there are sites and significant numbers of lockages that could be 
improved through the use of excess lockage time charges. 

n Lockage Time Charges 

Description of Measure. This measure would charge all vessels based on the length of time the 
lock is in use. By charging the tow on a per unit time basis, all vessels will be charged. As a 
result, all tows, not just the slowest, will have an incentive to improve their locking efficiency in 
order to reduce the charge they receive. However, these charges would only apply to the lockage 
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elements where the vessel and its staff can affect the time. This would eliminate such times as 
gate opening and closing and chamber filling and emptying which are operations performed by the 
lock staff. 

As with the excessive lockage time charge measure, this measure varies from a congestion 
toll. The fee, set at a lower level, would provide an incentive to improve lockage efficiency rather 
than to limit use of the system. However, collecting a fee does have the potential to eliminate 
some traffic, especially with this measure since all tows would be charged some fee. 

Time Savinas Estimates. The collection of a fee based on lockage times creates an economic 
incentive for all operators, especially the slowest crews and companies, to improve their practices 
to reduce their charge. This could result in significant time savings, since all tows in a queue 
would have an incentive to improve their times by whatever means. 

However, determining the actual delay reduction would be based on assumptions of 
industry’s response to the incentive. It also assumes that additional cost-effective time savings are 
available to industry, beyond what they currently have an incentive to implement. 

Conditions Affectina ImDlementation. As with the earlier toll measures, the response of the 
navigation industry is of primary interest. Time charges again have the potential to create 
incentives to reduce safety in an effort to lock faster and avoid charges. This may be especially 
true of this measure since the longer the lockage takes, the greater the charge. 

There would also be some difficulty in arriving at a level for the charges that is acceptable to 
the Corps, the navigation industry, and the recreational users. Variable weather and river 
conditions also should be taken into account. In addition, a suitable method of collection must be 
developed. 

Costs. The costs of implementing this measure would be essentially the same as those for 
developing a congestion toll or excess lockage time charge ($465,000 initially plus $235,000 
annually for the entire system). 

Relationship to Other Measures. The collection of lockage time charges would provide benefits 
in combination with other time reduction measures. However, as the average lockage time is 
reduced due to the implementation of delay reduction measures, the economic incentives to 
improve locking efficiency associated with lockage time charges would be reduced. This measure 
should not be implemented with other fee collection measures due to the complexity of tracking 
and collecting multiple fees. 

Conclusion. As with the other fee measures, additional analysis is required using the Navigation 
Study systems models to determine the actual ability to address delay and whether there are sites 
and periods of congestion where lockage time charges could reduce overall delays. 

. Publish Lockage Times 

Descrbtion of Measure. This measure would identify those towboats and towboat companies 
whose crews have the fastest and slowest lockage times. Although this measure does not involve a 
direct economic incentive or charge to reduce time, it informs the particular companies and the 
entire navigation industry of the performance of particular tows. Since it is in the best interest of 
all parties to reduce lockage times, this measure should assist companies and the industry in 
identifying which tows perform the best and which tows may need additional crew training, crew 
members, or equipment. 

The lockage times for a particular tow, currently collected as part of the Lock Performance 
Monitoring System, would simply need to be formatted and published on the Corps of Engineers 
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Internet home page and in river industry periodicals (e.g., the Waterways Journal, River 
Transportation News, or others). In order to reduce the amount of reporting, just those tows 
locking fastest and slowest could be included as positive and negative incentives, respectively. 

The publishing of information on performance has been carried out by the airline industry, 
city and county governments attempting to collect property taxes, and even agencies attempting to 
collect child support. In many cases, these efforts have been successful in raising awareness of 
both the involved parties and the public and in bringing about improvements. 

Time Savings Estimates. The publishing of lockage times highlights performance and creates a 
peer incentive for crews and companies to be listed as the best performers or to improve their 
practices to avoid being identified by the industry, their customers, and others as contributing 
significantly to delays. This could result in improvements in the lockage times of some 
companies. It may also create further incentives for industry to pursue additional time savings 
measures. 

The Corps currently meets regularly with industry groups and shares information on 
companies or tows that create unnecessary delays. A significant amount of industry peer pressure 
also exists to reduce delays, and often just sharing information with the navigation industry has 
brought substantial improvements in performance. 

Due to the unknown response of industry to the incentives created by this measure, its 
benefits can not be forecasted to any reasonable degree of accuracy. 

Conditions Affecting Implementation. The major condition affecting implementation is to 
determine how to disseminate the information for review by the navigation industry. In addition, 
the industry response to this information is difficult to accurately predict. 

Costs -. Since the data are currently collected and only need formatting and publishing, the cost of 
implementing this measure would be relatively low. However, the actual cost would be based on 
the format in which the data are published, the frequency of publishing, and whether a publication 
would include the information at no charge. The cost associated with compiling/sorting the data 
and publishing it in at least one publication is estimated at $65,000 per year. There may be 
additional incidental costs associated with this measure. 

Relationshb to Other Measures. Publishing lockage times can be used in combination with all 
other small scale measures, including the fee collection measures, since the peer incentive would 
exist whether other measures are implemented or not. However, if other measures significantly 
reduce delays, the pressure on slower tows to improve their performance could be substantially 
reduced. 

Conclusions. Despite the relatively low cost of the measure, it is not likely to significantly 
decrease system delays. In addition, ongoing communications with industry are addressing many 
of these issues to some extent. 

Recreational Vessels 

Two separate measures addressing conflicts between commercial and recreational vessels at locks 
are being considered to address delays at locks. Increasing recreational and commercial usage of 
the UMR and IWW places commercial and recreational craft in competition for use of the locks at 
certain times. This section addresses the scheduling of recreational vessel usage and construction 
of recreational craft landings above and below the locks as ways to reduce these conflicts. 
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. Scheduling of Recreational Vessel Usage 

Description of Measure. This measure would involve limiting recreational craft lockages to 
certain times of the day in order to minimize locking conflicts with commercial traffic. For 
example, recreational craft lockages would be offered at a set number of times during the day 
(e.g., morning, noon, evening). The purpose of scheduling is to maximize the number of 
recreational craft per lockage while reducing or eliminating recreational lockages at other times. 
Although scheduling would reduce the flexibility of providing lockages whenever recreational 
craft are present, it would provide increased predictability as to when recreational craft would be 
able to utilize the lock chamber. It could also reduce safety hazards by minimizing the times when 
both commercial and recreational crafts are approaching a lock at the same time. 

Existing navigation regulations (33 CFR 207.300) state that the lockage of recreational crafts 
shall be expedited by locking them through with commercial craft provided both parties agree. If 
the lockage of recreational craft cannot be accomplished within the time required for three 
commercial lockages, a separate lockage of recreational craft(s) is to be made. This regulation 
would need to be changed to allow a scheduling option to be implemented. 

Time Savinas Estimates. This method has been tested at various locks on the UMR System in 
the 1970s and early 1980s. Three to four half-hour time periods were designated each day for 
recreational lockages at selected locks. Frequently, tows would be forced to wait and no 
recreational craft would arrive for the designated time, especially in poor weather. While some 
recreational boat operators took advantage of the dedicated times, the majority appeared to ignore 
the special scheduling. The conclusion of the test, while not strictly enforced for recreational 
craft, was that the dedicated periods did not seem to significantly benefit recreational craft and did 
cause additional delays to commercial traffic. 

In addition to these tests of recreational scheduling measures, some information has been 
collected on the recreational boaters’ usage of the locks and river and their perceptions of lock 
conflicts. For the system as a whole, an average of only two to three recreational boats are in the 
chamber during each recreational lockage. This is an under-utilization of a 600-foot lock’s 
capacity which is estimated at over 50 recreational boats. A key finding was that while the length 
of delay was not a major source of frustration for boaters (as long as it remained under 
60 minutes), not knowing when delays would occur was viewed as a major problem. This 
highlights the possibility that predictable times for recreational lockages may be valued by 
recreational users as the system becomes more congested. 

To get an idea of the potential time savings, the lockage time required to implement a 
recreational scheduling program versus what is actually occurring was examined. The amount of 
time was calculated that recreational vessels would have the chamber designated to their use under 
a strictly enforced scheduling program (see Section 4 for details). These calculations indicate that 
at sites that currently have low to moderate levels of recreational traffic, such as the lower UMR 
sites, having designated recreational lockage times every day of the week may actually increase 
overall delays to commercial traffic. However, at sites with the highest recreational craft use, 
some delay reduction would be possible. There would also be a significant decrease in overall 
flexibility, in contrast to the current situation where recreational craft are often locked during the 
turning back of the chamber for tows heading in the same direction. This current process allows 
for recreational lockages while generally minimizing impacts on overall delay. 

Conditions Affectina Implementation. The major concern in implementing recreational 
scheduling is the potential for negative impacts and reactions from the commercial industry and 
negative responses from recreational users. The more strictly the policy is enforced (e.g., allowing 
recreational craft only during designated times and not allowing tows during designated times) the 
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greater the potential for a negative response from members of either affected user group. In 
addition, strictly enforcing the policy results in the loss of flexibility to lock recreational craft, 
possibly creating significant delays for recreational craft that are traveling longer stretches of the 
river, requiring several lockages. A strict application of the policy has not been attempted in the 
past. 

Several factors are likely to play a major role in the effectiveness of any implementation of 
this measure. Public involvement and education of the recreational boating community and 
navigation industry would need to be a very high priority, both in regards to setting the times and 
in clearly communicating why they are needed and how they will be enforced. 

Costs. Implementing recreational craft scheduling could be done for about $520,000. The major 
costs of the measure would be associated with developing the schedule (especially if it is 
coordinated with user groups and possible collection of survey data) and then notifying the public 
of any changes. In addition, developing adequate signage and publicizing any new schedule 
would involve some expense. An additional annual cost of $35,000 is necessary to monitor and 
re-evaluate the scheduling and to add or replace signs. 

In addition to the potential for losses related to delays to commercial navigation, there may be 
the potential for significant negative economic impacts if changes in the recreational craft’s ability 
to use the locks leads to reductions in recreational use of the system. Recreational use of the 
UMR-IWW System contributes direct and secondary expenditures of over $1.2 billion, 
significantly benefiting the economy of the five study area states. 

RelationshiD to Other Measures. The scheduling of recreational craft would be compatible with 
the other small scale measures under consideration. However, if both scheduling of recreational craft 
and a scheduling program for commercial tows were implemented, additional coordination would be 
required to ensure that the measures work together. 

Conclusion. Implementing recreational scheduling does not appear to have an ability to reduce 
delays at the most congested locks on the system. There would be some time savings potential at the 
upper locks, but currently there are not significant delays to commercial traffic in these areas. In 
addition, there are significant concerns with the acceptability of a strictly enforced program to both 
commercial navigation and recreational interests. 

n Recreational Craft Landing Above and Below Lock 

Description of Measure. This measure calls for ensuring that adequate boat ramp facilities are 
available at either end of a pool near the lock in order to minimize the need for recreational craft to 
lock between pools due to a lack of access in one pool. This measure addresses the problem that 
in some locations the only available landing for several miles is located either just above or below 
a lock. At these locations, a large number of users may launch their boats in a pool on the 
opposite side of the lock from their desired pool, and then have to lock through. During periods of 
higher traffic, these additional recreational lockages increase overall lock delays, especially in 
consideration of the existing policy which requires that, at a minimum, recreational craft are 
locked after every third commercial lockage. In addition, providing additional landings could 
increase safety by reducing commercial and recreational boats simultaneously waiting to use a 
lock. 

Time Savinas Estimates. This measure has the potential to reduce delays to commercial craft by 
reducing the number of recreational craft lockages. However, additional recreational craft 
landings are not likely to provide measurable or significant system benefits in reducing lockage 
times. The actual delay reduction is limited by the inevitability of some recreational lockages 
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(e.g., local traffic that simply enjoys locking, marina based craft, and through-system travelers). 
In addition, the willingness of recreational users to wait for the lock will greatly influence the 
response of recreational craft users to increasing delays. 

The study team conducted a two-step analysis in determining the potential time savings 
related to additional boat landings. The first step was to identify sites where a lack of recreational 
facilities exists which could be contributing to delays. The second step was to look at various 
recreational studies and LPMS data to determine the likely response of boaters and potential time 
savings. The following is a summary of the more detailed reporting of findings in Section 4. 

From this investigation, it was determined that the some sites could benefit from an additional 
landing facility. However, as a whole, the studies of recreational craft movements indicate that 
additional boat landings within the pool are likely to have little impact on the lock usage. In order 
to actually produce a time savings, the number of recreational craft Zockuges and not just 
recreational craft using the locks need to be reduced. Currently an average of two to three 
recreational craft are in the chamber for each recreational lockage. If traffic is reduced based on 
constructing new landings, there is no delay reduction unless the number of lockages is reduced. 
Also, as noted above, many of the boats using the locks are marina based, and the presence or 
absence of landings is unlikely to affect their use of the locks. 

An additional concern is the potential to further increase the number of recreational users in 
the areas around the lock by locating ramps close to the lock, possibly negatively impacting safety. 
A factor that may limit recreational lockages is the apparent delay sensitivity of many recreational 
boaters. Studies have indicated that many boaters may simply not use the locks if there are long 
delays that are occurring with increasing commercial traffic. 

Conditions Affecting Implementation. The reaction of the recreational boating community is a 
major factor that will affect the overall impact of constructing additional landings. As some of the 
information summarized above indicates, recreational craft use the locks for a variety of reasons, 
many of which would not be changed by the addition of boat ramps. 

The development of new recreational facilities at formerly unused sites could lead to 
significant site-specific adverse environmental impacts. However, the presence and extent of any 
impacts would not be known until an actual site and plan are selected. 

Table 2-5 summarizes the expected costs associated with the development of a new boat Costs. 
landing at a currently undeveloped site. The estimates are based on recent Corps construction 
activities. The cost does not include the land costs for the boat landing site or environmental 
costs. These costs were not included because the specific sites where a new landing would be 
constructed were not identified as part of this analysis. An additional annual expense of 
approximately $12,500 would be incurred for operation and maintenance. 

TABLE 2-5: COSTS OF DEVELOPING A BOAT RAMP, PARKING, AND ACCESS 

Item 
Site location (Identify & purchase if required) 
Construction 
Contingency 25% 

Subtotal 
Planning, Engineering, and Design (15% of project costs + 5% 
inspection) 

Total First Costs (not including site acquisition) 

cost 
Varies Based on Site 

$180,000 
$45,000 

$225,000 

$45,000 
$270,000 
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Relationship to Other Measures. This measure can be combined with virtually all other 
measures. The possible exception could be the placement of a new landing in an area that would 
conflict with the placement of mooring cells or tie-off areas for commercial barges waiting for 
lockages or engaging in remote remake. 

Conclusions. The primary benefits of the construction of additional boat landings would be at a 
limited number of sites where there is currently an absence of adequate facilities that is resulting 
in additional lockages. Existing data do not strongly support the concept that additional landings 
will provide significant benefits in reducing the number of recreational lockages. 

n Scheduling Program 

General Descrirdion. The use of a scheduling program could achieve time savings by optimizing 
the sequence of the particular vessels present at a lock or series of locks. It would be computer- 
based and would develop a scheduling sequence for tows in a queue, based on mathematical 
modeling of the various types and configurations of queues expected. While the potential delay 
reduction varies considerably based on the type of queue present, two different approaches can be 
taken. 

Under the first approach, the primary benefit of scheduling would be minimizing approach 
and reconfiguration times. For example, scheduling could result in a higher percentage of 
turnback lockages which generally take significantly less time than exchange lockages. Additional 
time savings could be achieved by locking recreational craft together and placing tows requiring 
only a single cut at the beginning and end of an N-up/N-down series. This type of program would 
provide flexible and responsive scheduling that would assist in maximizing throughput and 
reducing delays. A second approach would be to schedule tows to reduce delay per tow, delay per 
barge, or delay per loaded barge. Under this approach, the throughput remains relatively 
unchanged, but delay as defined by the criteria can be reduced. 

The current scheduling policy for the navigation system is first come, first served for 
commercial tows. However, the lockmasters may depart from this procedure when warranted, and 
often do to obtain greater efficiency. The current regulations also state that recreational craft will 
not be required to wait for more than three commercial lockages before being locked through. In 
many cases, recreational craft are locked between every commercial lockage. While recreational 
craft lockages typically take a relatively short amount of time (approximately 15 minutes at UMR 
sites and 20 minutes at IWW sites) and they can use the chamber when it is being turned back for 
the next tow, they do impact the overall scheduling. 

Consideration was given to a program that would schedule a specific lockage time for each 
tow at each lock as a form of system trip planning. However, this approach is not practical due to 
the variability in traveling the river and the potential for unforeseen events that would result in the 
need to continually modify the schedule for all tows on the system. However, a program could be 
developed to optimize a group of locks systemically. This type of scheduling would allow for 
closer coordination between locks so that tows are processed through the system and not just from 
one queue to the next. 

Time Savinqs Estimates. Several sources of data were evaluated to provide information on the 
potential time savings available for implementing a scheduling program. These are referenced in 
Section 4 of this report. 

The following section summarizes the potential time savings associated with the first 
approach of better N-up/N-down type scheduling (to minimize approach and reconfiguration 
times) by evaluating approach and exit times using 1990 LPMS data. The time savings of 
replacing an exchange lockage with a tumback lockage is approximately 10 minutes on single 
lockages and 17 minutes on doubles. This does not account for the extra time associated with 
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turning back the chamber (averaging 11 minutes), which reduces the time savings. Not all tows 
realize this lockage time savings because scheduling only increases the percentage of tumback 
lockages. Some exchange lockages still must occur. In addition, some of the time savings is 
already being captured by existing tumbacks and the use of an N-up/N-down policy. Due to the 
number of variables involved, the system’s models would be required to make the final estimation 
of benefits (reduced delays) expected from saving time in certain lockage sequences through 
scheduling. 

Under the second approach where the processing order is altered to minimize delay times 
based on a certain criterion, no significant increase or decrease in lockage time is expected. 
However, some time savings for the selected criterion can be expected (i.e., minimize delay per 
barge). 

The costs of implementing a scheduling program are relatively low, estimated at slightly Costs. 
more than $550,000. This cost includes studying the various option, then designing, testing, and 
running the program. In addition, an annual cost of approximately $35,000 would be incurred to 
continue training lock staff and supporting and updating the program. The actual cost, however, 
would be influenced by how the final program is scoped, implemented, and maintained. Some 
similar types of scheduling programs have been developed (WES and University of Maryland) ant 
could serve as a starting point. However, even if a developed model is used it would still require 
additional efforts to adapt it for use on the UMR-IWW navigation system. 

Conditions Affectina ImDlementation. In present practice, lo&masters frequently vary 
scheduling from first come, first served to various N-up/N-down procedures when the conditions 
and queue dictate. In situations where these alterations are already made, it reduces the potential 
incremental benefits associated with the use of further scheduling. The current policy on locking 
recreational craft after every third commercial lockage also impacts the lo&masters ability to 
optimize scheduling. 

The use of a computer-based scheduling program has some potential disadvantages. It would 
likely require additional timely and accurate data collection and coordination, A model designed 
to address site-specific optimization may be too narrow in scope to adequately address whole river 
issues. In addition, the use of a scheduling program could impact equity by requiring individual 
tows to wait longer than under present practices (first come, first served) for the good of the 
majority of tows. 

Relationshb to Other Measures. The use of a scheduling program would be compatible with 
virtually all other measures and in many cases additional time reductions could be obtained 
through joint implementation. 

Conclusion. Most of the benefits of a scheduling program are already being obtained by the use 
of a flexible N-up/N-down policy. However, scheduling does provide benefits to the system and 
should continue in some form. 

STRUCTURAL MEASURES 

The remainder of this section presents the structural small scale measures. In general, these 
measures would primarily be implemented through the construction of additional navigation 
facilities or modification of the river channel and approach. 
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n fxfended Guidewalls 

Descriotion of Measure. On the UMR and IWW, the existing guidewalls are located on the land 
side of the approach channel and are typically 600 feet long. These walls are used to align the 
tows with the lock and to guide the tows into the lock chamber. Sometimes vessels tie up against 
the guidewall while awaiting their turn into the lock. Guidewalls are also used to tie off 
unpowered cuts which remain tied off until the powered cut is finished locking through and the 
two halves are recoupled. Since the unpowered cut and guidewall are each 600 feet long, the 
powered cut remains partially inside the lock chamber while the two cuts are recoupled. This 
means that the lock cannot be used for other vessels until the two cuts are secured to each other 
and the recoupled tow moves out of the lock area. 

Extending the existing 600-foot guidewalls to 1,200 feet would allow the powered cut of a 
double lockage to make up with the unpowered cut completely outside of a 600-foot lock chamber. 
The lock would therefore be free to be turned back for the next vessel traveling in the same 
direction. This is the major time savings benefit from this measure that works best when 
combined with other small scale measures such as tow haulage, switchboats, or industry self help 
that would move the unpowered cut to the end of the extended guidewall. 

The following text describes the benefits of extended guidewalls. Immediately following this 
section, the joint benefits of combining guidewall extensions with the tow haulage option 
(powered and unpowered kevels) are discussed. The benefits in combination with the towboat 
power option were discussed previously. 

Time Savinos Comoonents. The actual total time savings associated with extended guidewalls 
can be broken down into four components: reduced approach time, reduced extraction time for the 
first cut, reduced chambering time downbound from faster emptying of the chamber (the first cut 
is removed from the lock discharge area), and remake of the double cuts occurring outside the 
chamber along the extended guidewall. These components are discussed in turn below. There is 
also some potential benefit to setover and knockout single lockages (see Section 4). 

Reduction in Aporoach Time. The lengthening of the guidewall provides two elements of 
time savings in the approach. First, the longer wall gives a larger “landing surface” for the tow to 
steer for (safety is also enhanced if the tow is able to get on the guidewall sooner). Second, a 
waiting tow will be able to stage itself just outside the lock chamber for a tumback lockage 
because it can fit on the entire wall (and not have any part of the tow “hanging off’ the wall). 
When the lock is turned back, the tow will be able to move immediately into the lock instead of 
leaving a bank or mooring structure to make its approach. This part of the time savings associated 
with extended guidewalls is site specific and is included in the later discussion of the small scale 
measure titled “Approach Channel Improvements.” 

Reduction in Extraction Time of the First Cut. The potential for reduction in the extraction 
time of the first cut is directly attributable to other small scale measures in conjunction with 
extended guidewalls. Powered traveling kevels depend on extended guidewalls, and the potential 
time savings is discussed next under “Tow Haulage Equipment.” Switchboats and self help are 
other small scale measures discussed in this report which can be used in combination with 
extended guidewalls to extract the unpowered cut faster from the lock chamber. The guidewall 
extension cost reported here has to be included with each of these measures if they assume the 
presence of 1,200-foot guidewalls. 

Reduction in Chamberina Time (Faster Emutvinn for Downbound Lockaaes). Typically, 
the rate of emptying the chamber is reduced when an unpowered cut is waiting below the lower 
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lock gates for the powered cut to be locked through. The concern over creating turbulent water 
and possibly snapping lines is eliminated if the unpowered cut is pulled to the end of the extended 
guidewall by helper boat or tow haulage for remake. The time savings is dependent on the head 
differential and location of discharge. At lower flows, when the head differentials are greatest, the 
time savings would be greatest. At higher flows, there would be little or no savings. On average, 
a savings of O-2 minutes would be likely at most UMR locks. Larger time savings is possible at 
some of the IWW locks where head differences are greater. The average savings for both the 
UMR and IWW locks is 1 minute. 

Remake of Double Lockaae Tows (Outside of Chamber). A significant time savings can 
be achieved by allowing the two cuts of a double lockage to remake along the extended guidewall 
outside the limits of the lock chamber and thus allow the lock to be turned back for the next tow 
traveling in the same direction sooner (see Figure 2-4). The reduction in service time and the cost 
for extending guidewalls is addressed herein. 

A tumback lockage occurs when the lock chamber is emptied or filled and the miter gates are 
opened to receive the next waiting tow traveling in the same direction as the first. The two tows 
must be traveling in the same direction so that the reconnection of the two cuts from the previous 
lockage can be completed along the guidewall while the second tow is locking its first, unpowered, 
cut through. A tow tied up to the guidewall during remake is an obstruction to a tow traveling in 
the opposite direction. Consequently, the time savings is more fully realized in conjunction with 
the N-up/N-down locking procedure discussed under the “Scheduling Program” measure. Even 
with the current locking policy, a significant opportunity exists to reduce delays at the locks by 
providing extended guidewalls due to a currently high percentage of tumback lockages (see Tables 
l- 1 and l-2). This information shows the increase in percentage of tumback lockages paralleling 
the increase in commercial traffic from the upper river to the lower end of the study area on the 
Mississippi River. These trends are the same for the IWW locks. As traffic continues to increase, 
a greater number of tumback lockages will result. 

Time Savinas Estimate for Remake of Double Lockaae. Section 4 shows the computation, 
using LPMS data, of the expected time savings of moving the remake out of the chamber. It was 
estimated that the average time savings for double lockage tows would be 16 minutes for upbound 
tows and 18 minutes for downbound tows. This savings represents a reduction in the existing tow 
remake and exit time for the second cuts of 22 and 24 minutes to about 6 minutes for both 
upbound and downbound tows after implementation of the extended guidewall measure. The 
potential benefits to setover and knockout singles locking tows are described in Section 4. 

Conditions Affectina Imrjlementation. Complete guidewall extensions are applicable to the 
UMR lock sites except Locks 15 and 19 because of the channel alignment and navigational safety 
concerns. Even if 1,200-foot guidewalls were possible at Lock 19, a 1,200-foot lock, no remake 
time savings could be realized since tows pass as a single lockage. Melvin Price Locks have 
1,200-foot guidewalls. Complete guidewall extensions are implementable only at Peoria and 
La Grange Locks on the IWW. The other IWW locks have restrictions (some minor) to 
construction of guidewall extensions either upstream or downstream due to various site conditions. 
Section 4 details these restrictions. The only sites on the IWW where guidewall extensions are not 
recommended are Lockport and the lower guidewall at Dresden Island. Guidewall extensions at 
these locations restrict the flow area and are potential hazards to navigation. 
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Cost of Extended Guidewalls. The descriptions of the guidewalls are included in the 1996 
Conceptual Lock Designs report. The design is for precast concrete beams spanning sheetpile 
cells. Larger cells with greater span lengths are being considered for the upper guidewall 
extensions at the UMR lock sites. This allows for staged construction during several winter lock 
closures and eliminates impacts to the navigation industry during construction. The average cost 
for the permanent guidewall extensions (both upstream and downstream together) for a pile- 
founded guidewall at a UMR site is about $37 million. The average cost for a rock foundation 
(both upstream and downstream together) at a UMR site is about $33 million. The average cost 
for both guidewall extensions for the applicable IWW sites is $23 million. In addition, there are 
environmental impacts. Also, relatively high economic impacts to the navigation industry are 
expected during construction at the IWW lock sites. Year-round navigation on the IWW does not 
allow for staged construction during winter closure periods as is the case for the UMR lock sites. 
For more information on these impacts, see Section 4 of this report. In addition, annual costs of 
$30,000 per wall or $60,000 per lock were estimated. 

Extending guidewalls with DeLong Piers is a lower cost alternative ($3.2 million per wall) 
than constructing permanent guidewall extensions. DeLong Pier wall extensions can be used in 
conjunction with switchboat assistance (see earlier discussion of switchboat measure). However, 
DeLong Pier guidewall extensions have inadequate stability for installation of tow haulage 
equipment, and outdraft flows under the upstream piers impact approaching or adjacent tows. 

RelationshiD to Other Measures. Tow haulage or switchboats are needed in conjunction with 
permanent guidewall extensions to extract the first cut to the end of the extended guidewall. These 
combinations will allow for faster emptying of the chamber on downbound cuts and for the tow 
remake outside the lock chamber. Extended guidewalls enhance the N-up/N-down and self-help 
policies in minimizing lock transit time. 

Conclusions. Extended guidewalls, when combined with other small scale measures such as tow 
haulage or switchboats, appear to be one of the most effective small scale measures for saving 
lockage time by reducing approach time and extraction time, allowing faster chamber emptying on 
downbound cuts, and remaking tows outside of the lock chamber. 

Tow Haulage Equipment 

Tow haulage equipment is the name given to any of a number of mechanical devices used to pull 
unpowered cuts of barges from the lock chamber. A form of tow haulage equipment is already in 
use at most of the lock sites in the study area. For this improvement measure, however, extended 
guidewalls are required plus new tow haulage equipment of one of several alternative designs to 
pull the first cut to the end of the extended guidewall. The tow haulage equipment transfers force 
from some land-based power source to the unpowered barges through a mechanical connection. 
The most common of these devices is a single-line cable winch, which is presently used at the 
UMR-IWW lock sites to extract cuts from the lock chamber. Two measures for improving the 
current tow haulage operation were carried forward for further analysis. These two measures, 
“Powered Traveling Kevel” and “Endless Cable,” are briefly discussed below. More detailed 
information is available in Section 4. A related measure involving unpowered traveling kevels 
was added as an outgrowth of evaluating powered kevels. 

. Powered Traveling Kevel 

A kevel is a heavy metal deck fitting having two horn-shaped arms projecting outward around 
which lines may be secured for towing or mooring a vessel. A powered traveling kevel is a rail- 
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mounted kevel which provides power to extract the unpowered cut of barges from the lock. The 
current winch system and length of cable are eliminated. A powered traveling kevel would have 
greater benefit if combined with a guidewall extension. Extending the existing 600-foot 
guidewalls to 1,200 feet would allow the powered cut to make up with the unpowered cut 
completely outside of a 600-foot lock chamber (freeing the chamber for the next tow in a tumback 
situation). An unpowered kevel ahead of and riding the same rail as the powered kevel would hold 
the head of the unpowered cut along the extended guidewall as the cut moved down the wall. 

. Endless Cable 

Endless cable systems extract unpowered cuts from the lock chamber by attaching the unpowered 
cut of barges to a fitting on the cable. This continuous cable is already in place and is powered to 
remove the cut. Endless cable systems eliminate the need to haul the cable off the drum in the 
current tow haulage systems. The unpowered cut is therefore removed more efficiently. An 
endless cable system would have greater benefit if combined with a guidewall extension to allow 
the powered cut to remake with the unpowered cut outside of the lock chamber. 

Time Savinas Estimates. The time savings associated with the improved tow haulage units is 
from the reduction in extraction time of the first cut. Since improved tow haulage assumes the 
presence of permanent extended guidewalls to maximize benefits, the additional cost and benefits 
of the guidewall extensions must be included in the final analysis of improved tow haulage. 

The existing “unpowered” kevel/raiI systems in the study area cannot provide any braking of 
the first cut. However, a tow haulage system that can travel the full length of the lock approach 
wall and can both pull the barges as well as provide braking to slow and stop the barge once out of 
the chamber, can improve the efficiency of the first cut removal process. 

The 1990 LPMS data show the time for extracting all first cuts with the existing tow haulage 
system to average 14 minutes upstream and 17 minutes downstream for Locks 11 through 25 on 
the Mississippi River and 13 minutes upstream and 13 minutes downstream for Lockport Lock 
through La Grange Lock on the IWW.’ With improved tow haulage, the estimated average 
extraction time savings are 5 minutes for UMR locks and 3 minutes for IWW locks. The average 
time savings for the UMR and IWW locks combined is 4 minutes in both directions. However, as 
noted below, the time savings for this lockage element would not likely be realized in the total 
Iockage time, unless additional personnel are provided. 

Conditions Affectina Implementation of Measure. Corps of Engineers Navigation Notice l- 
1998 requires a minimum of three personnel for handling lines during double lockages. Generally, 
two deckhands ride the first cut of a double lockage as it is extracted from the lock chamber, 
moves down the guidewall and is tied off to await remake with the second (powered) cut. A third 
deckhand walks the guidewall with the first cut. Two of the deckhands must walk back to the 
powered cut to accompany it into the lock chamber (one deckhand stays with the first cut). With 
first cuts hauled to the end of guidewalls extended to 1,200 feet long, it is estimated that the 
powered cuts would have to wait for the deckhands about 14 minutes, negating the 3- to 5-minute 
savings (4 minutes combined average) in extraction time noted above. However, the provision of 
two additional deckhands/lock workers to travel with the cut would eliminate the 14-minute delay. 
See “Tow Haulage Equipment” discussion in Section 4 of this report for more information. 

’ The LPMS data show higher mean extraction times for downbound cuts than upbound cuts at Mississippi 
River locks (and Peoria and La Grange Locks on the Illinois Waterway). This is because for these locks more 
downbound tows than upbound tows are loaded. The extraction times are typically higher for downbound cuts 
because there is more mass to move with a loaded cut and there is more water resistance when cuts are loaded to 
a deeper draft. It is reasonable to assume a similar time differential with improved tow haulage systems. 
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Cost of Improved Tow Haulaae Eaubment. Cost estimates are developed in Section 4. The 
costs of providing new tow haulage equipment on both the upstream and downstream guidewalls 
(extended to 1,200 feet long) ranges from about $1,025,000 to $1 ,I 10,000. These costs are based 
upon a pull/retard power mechanism for a traveling kevel. One winch pulls against the other at a 
reduced torque to maintain a constant tension in the line and prevent slack cable from occurring in 
the system. If the 600-foot-long existing tow haulage adjacent to the lock is also replaced, the 
total cost ranges from $1,440,000 to $1,520,000. These costs include 25 percent contingencies, 
10 percent engineering and design, and 10 percent construction management. For the “system,” an 
average cost of $750,000 is used for new tow haulage (pull/retard system) per guidewall 
extension. An estimated first cost of $100,000, along with $518,000 annually, would cover the 
expense of additional employees. 

RelationshiD to Other Small Scale Measures. Improved tow haulage assumes the construction 
of permanent extended guidewalls, thus the cost of the guidewall extensions must be included in 
the evaluation of the tow haulage. Besides additional costs, however, guidewall extensions, as 
previously discussed, provide additional time savings as a separate improvement measure. In 
addition, the provision of additional personnel is highly recommended. 

Conclusion. In summary, extracting the first cut faster with new tow haulage along extended 
guidewalls will not have a negative impact on the total lock transit time unless additional 
personnel are provided. However, as shown in Tables 2-6A and B, this measure, combined with 
reduced chambering time (faster emptying) on downbound cuts and remaking the tow along the 
extended guidewall, benefits turnback lockages by reducing the lock service time an average of 
6 minutes for upbound tows and 9 minutes for downbound tows without additional personnel and 
20 minutes for upbound and 23 minutes for downbound with additional personnel. 

TABLE 2-6A: ESTIMATED AVERAGE TIME SAVINGS FOR POWERED 
TRAVELING KEVELS WITH GUIDEWALL EXTENSIONS AT UMR LOCKS 11-25 
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TABLE Z-66: ESTIMATED AVERAGE TIME SAVINGS FOR POWERED TRAVELING 
KEVELS WITH GUIDEWALL EXTENSIONS AND ADDITIONAL PERSONNEL AT UMR LOCKS 11-25 

. Unpowered Traveling Kevels 

Descrbtion of Measure. This measure was added as an outgrowth of discussions on the 
Extended Guidewalls and Tow Haulage Equipment measures. The use of unpowered traveling 
kevels is another measure that utilizes an extended guidewall to allow remake of tows outside of 
the lock chamber. This measure provides two rail-mounted kevels along both extended upstream 
and downstream guidewalls. These kevels are free-rolling and not attached to any cable/winch 
power system. With this alternative, the first cut of a double lockage is extracted from the lock 
chamber as is presently done with the existing tow haulage system (a single winch and cable 
system). In the extraction, the bow (front) of the cut is secured to the first kevel. The stern (back) 
of the first cut is attached to the second kevel after the first cut clears the miter gate recess and 
comes to rest, being tied off to a checkpost. Two of the three deckhands then walk back a 
maximum of 1,200 feet, as they do now, to accompany the powered second cut into the chamber. 
After the lock gates are opened, the powered cut faces up to the first cut. At this point, instead of 
completely remaking the cuts, as is presently done (with the powered cut occupying part of the 
lock chamber), only the two outside couplings are remade. The powered cut then pushes the first 
cut to the end of the 1,200-foot guidewall with the two kevels riding the rail, helping to keep the 
first cut along the guidewall (see Figure 2-5). In this scenario, the powered cut provides the power 
to move the first and second cuts clear of the lock chamber. Control of the first cut is ensured with 
bow and stern lines to the kevels and connection to the powered cut with the two outside couplings. 
When the stern of the powered cut clears the gate recess, the chamber can be turned back to 
receive the next tow traveling in the same direction, while the exiting tow completes its remake 
along the extended guidewall. 

Time Savinas Estimates. The time savings of this measure is a result of allowing the remake of 
the two cuts to be made outside of the lock chamber, thus freeing the chamber for service to the 
next tow. This savings is only realized for tumback lockages where the next tow to be locked 
through is going in the same direction. The time savings is maximized when used in conjunction 
with the N-up/N-down policy where a certain number (N) tows are locked through in one direction 
before N tows are locked through in the opposite direction. The time savings is the difference in 
the activity that takes place while occupying the lock; that is, it is the difference in the remake 
coupling time for remaking five wires versus the time for remaking only the two outside wires. 
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A baseline estimate of 12 minutes for remaking five wires was determined earlier by a limited 
number of timed observations with a typical crew of three people. Each wire requires 6 minutes to 
remake, but with a crew of three, overlapping activities allow 5 wires to be completed in 
12 minutes. With the use of the unpowered kevels, the two deckhands who walk back to 
accompany the powered cut through the lockage remake the two outside wires. The deckhands 
work simultaneously, each on one wire, requiring 6 minutes in total. Thus, the total time savings is 
the difference in the average estimated remake time of 12 minutes (for all five wires) and 
6 minutes (the remake time for the two outside wires). This equates to a total average time savings 
of 6 minutes, which is assumed to be applicable to all turnback double lockages at all lock sites 
under study. Greater time savings, as discussed in Section 4, can be achieved for lockages with 
setover and knockout tows, 26 minutes and 7 minutes, respectively. 

Using the 6-minute time savings and 1990 LPMS data, the average new exit time of the 
second cut for the UMR locks in the downbound direction goes from 23 minutes to 17 minutes and 
in the upbound direction goes from 20 minutes to 14 minutes. For the IWW locks, the average 
new lock exit time of the second cut in the downbound direction goes from 26 minutes to 
20 minutes and in the upbound direction from 24 minutes to 18 minutes. 

Conditions Affecting ImDlementation. Unpowered kevels are applicable at all lock sites where 
extended guidewalls are implemented. The existing kevel rail on the existing upstream guidewalls 
at locks within the study area can remain in place to reduce the implementation cost. Upstream 
kevel rails are present at all locks on the UMR except for the 600-foot auxiliary locks at Melvin 
Price Lock and Locks 27 and at Lock 19 which is a single 1,200-foot lock. Upstream kevel rails 
are also present at all locks on the IWW except for Lockport, Brandon Road, and Marseilles. 
Dresden Island Lock has kevel rails on both existing upstream and downstream guidewalls. 

The estimated first cost for installing two unpowered kevels and a rail at a typical site is Costs. 
$240,000 for the upstream guidewall and $360,000 for the downstream guidewalls. In addition to 
the first cost, annual maintenance is estimated at $2,000 per unpowered kevel or $4,000 per lock. 
These estimates do not include the guidewall extension cost or the impacts to industry during the 
construction of the guidewall extensions at the IWW locks. Those additional costs are discussed in 
Section 4. 

RelationshiD to Other Measures. Extended guidewalls with unpowered kevels eliminate the need 
for tow haulage or towboat power assistance to pull the first cut of double lockages for remake 
along an extended guidewall. The unpowered kevel measure would enhance the N-up/N-down 
policy to minimize lock transit time. All other small scale measures could be implemented in 
conjunction with unpowered kevels. DeLong Piers, which can be used as a temporary extension of 
a guidewall, can not be used as a foundation for tow haulage including unpowered kevels. 
Continual straight alignment of the kevel rail is needed for proper operation of the kevels, and this 
is difficult to maintain with a segmented DeLong Pier foundation. 

Conclusion. Implementation of the unpowered kevels measure has an expected time savings for 
double lockages of about 6 minutes. While the percentage of setover and knockout lockages is low 
at most lock sites, the tumback exit time savings is substantial for these lockages. With a relatively 
low implementation cost and moderate time savings potential, this measure should be considered 
further for comparison with the other surviving measures. 
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Adjacent Mooring Facilities 

Adjacent mooring facilities are structures that provide vessels a place to tie off while waiting for 
their turn to lock through. Without such facilities, the towboats may be forced to wait a 
considerable distance from the locks and must either push into the riverbank, which can cause 
erosion and damage to shoreline vegetation, or wait out in the currents of the river, which wastes 
fuel. Both options can cause scour of the bank by a vessel’s propwash. The three basic types of 
mooring facilities are: mooring buoys, land-based moorings (or bank anchors), and mooring cells, 
each of which is described below. An additional form of mooring, made from spud barges, is 
discussed as part of the switchboat measure. 

n Mooring Buoys 

Descrbtion of Measure. Mooring buoy assemblies consist of two anchors connected to a 
concrete sinker which is connected to a large floating buoy with a heavy anchor/riser chain. The 
buoy is typically 12 feet in diameter, 3.5 feet high, and filled with polyurethane foam for 
buoyancy. The buoy is fitted with a mooring ring or other point to which a tow can attach a 
mooring line. A mooring buoy can be used in trial locations to determine the best location for a 
mooring cell which is immobile and more costly. A new buoy design (noncylindrical) is under 
development to make buoys more usable and accessible to waiting tows. 

9 Land-Based Moorings 

Descrbtion of Measure. Land-based moorings consist of an anchor and chain located on land 
adjacent to the lock approaches. The anchor is buried in the nearby bank, leaving the chain and 
mooring ring available for use by the tows. 

. Mooring Cells 

Descrbtion of Measure. Mooring cells are constructed of sheet pile and are filled with earthen 
material and/or concrete. Mooring cells are preferred by industry because of their stability and 
ease of use. However, proper location of the cell is critical to its being used by tow operators. 
Achieving the proper location that suits all pilots, all river conditions, and all maneuvering 
techniques is very difficult. The cells are typically 30 to 40 feet in diameter and are fitted with a 
mooring ring or check posts for a point of attachment. Cells are preferred by industry, especially 
upstream of a lock because they provide a more positive tie-off for barges when a line boat is 
needed to assist with an emergency at the lock or is needed to pull other cuts from the lock 
chamber during an N-up/N-down or self-help scenario at the lock. 

Existina Moorina Facilities and Alternative Imtwovements. Most lock sites in the study area do 
not have existing mooring facilities either above or below the lock or have limited facilities which 
could be augmented or improved. Sections 3 and 4 show the existing mooring facilities at the 
UMR and IWW locks as well as locations of new additional moorings closest to the locks. These 
locations were determined based on discussions with lockmasters and industry representatives 
(towboat captains/pilots) and review of prior reports. 

Time Savinns Estimates. Installation of adjacent mooring facilities benefits lock transit time if 
they are placed to enable tows to moor closer to the lock while waiting their turn to lock through. 
This reduces the approach time to the lock after a moored tow starts its approach as shown in 
Table 2-7. However, the total benefits are nearly double for exchange lockages since moving the 
mooring closer not only shortens the approach, but it also shortens exit times by a comparable 
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amount. Under present conditions, tows generally wait as close as they can to a lock. Installation 
of moorings where tows presently wait does not shorten the approach time, but having a dedicated 
mooring makes for safer operating conditions and moves tows off the riverbank, preserving 
shoreline vegetation. Also, fuel can be conserved if tows do not have to idle their engines to hold 
position (estimate 15 gal/hr to hold, 4 to 5 gal/hr idling out of gear). 

Table 2-7 identifies lock sites where additional moorings will bring tows closer to the lock and 
save time on their approach following an exchange lockage. 

TABLE 2-7: COST AND TIME SAVINGS OF NEW MOORING FACILITIES I 

Wait at RM Time Savings 
New Doubles (min)l’ 

555.OLC ) 556.OLC 13 4 I 14 I 493.3 1 DB 1 494.6RC 1 493.7RB I 500 I 0.9 I 12 

1 
UB 489.7LC 2.8 37 (35% of 

the time) 

.J-IL.“L” V . ”  

302.3RC 1.3 * 
300.8LC 50 0.5 7 
274.ORB 500 0.5 7 
341 

8 . I . W .  .  .  .  . . J  

lae I 80.2 1 DB 1 80.9RB 1 80.4RB 1 500 1 0.5 1 7 I 

UB = upbl,und, DB = downbound. LB = Left Bank, RB = Right Bank, LC = Left Channel, RC = Right Channel 
(*) = Next mooring location (not closest to lock) 
1’ Approach time savings shown are for exchanges of double lockage tows. Similar savings for exchange exits are 
anticipated. Savings of roughly one-half this amount are anticipated for single lockage tows. 

Conditions Affecting Imolementation. There are few conditions affecting implementation of 
mooring facilities at locations shown in Table 2-7. All locations can be accessed without dredging 
or other channel excavation. 

Cost. The estimated first cost for mooring buoys and land-based moorings is $50,000 each. This 
is based on historical costs for placement of these types of moorings. The first cost of a mooring 
cell is estimated at $500,000. In addition, annual costs of $5,000 per buoy and $20,000 per cell 
are anticipated. These costs are considered to be fairly consistent for mooring placements at any 
of the #above lock sites. 

RelationshiD to Other Measures. Adjacent moorings are complementary to most other measures. 
Channel improvements can impact the location of mooring facilities. 

Concliusion --’ For those sites that presently do not have a mooring facility placed as close as is 
practical, adding a properly placed mooring facility would result in time savings for exchange 
lockages. In addition, mooring facilities can have environmental benefits from preservation of 
bank vegetation and reduced fuel consumption. For tumback lockages, the environmental benefits 
may be applicable; however, no significant lockage time savings is expected. As with most 
measures, the actual benefits depend upon the specific conditions at a given site. 

2-36 



Section 2 - Measures Under Consideration 

Crew Nemen ts 

Crew elements refer to the feasibility of improving the process of breaking and remaking tows 
involved in double lockages. Crew elements are identified here as a small scale structural measure 
because of its implied relationship to any structural modification in the existing barge coupling 
mechanism. Two measures were recommended for detailed analysis in the “General Assessment 
of Small Scale Measures” interim report dated June 1995. The first measure is the use of universal 
couplers and hand winches. The development of a simple, quick-operating, and universally 
adaptable coupler for joining barges could save considerable time in breaking and remaking tows. 
The second measure is to require a minimum crew size with crew training. A well-trained crew 
that is large enough to handle a lockage can save time in the breaking and remaking of tows. 
Typically, the recoupling of barges takes more time than the uncoupling; therefore, the focus of 
this effort was on identifying an improvement in the recoupling time. 

In addition to universal couplers and hand winches and minimum crew size with crew 
training, other measures with potential to reduce the remake time of double lockages were 
identified in the September 1995 Universal Couplers and Crew Training interim report of the 
Navigation Study. These additional measures include permanent deck winches, additional 
personnel, and power operated ratchets. Unlike the “minimum crew size” measure which would 
ensure a minimum staff traveling with a tow, the “additional personnel” measure would assign 
personnel to a lock site to attend to all tows, not travel with a tow. Each is described below with 
estimated cost and approximate time savings, after the following discussion of the current 
recoupling times. 

Current Recowlina Times. The typical deck crew that handles the coupling and uncoupling of 
barges usually consists of three people-the mate and two deckhands. These three are responsible 
for remaking the two cuts after a double lockage. This coupling typically consists of 5 wires, each 
wrapped 3 to 4 times across the gap between barges. From the time when the cuts bump together 
until the tow leaves the wall, the major activity is remaking the 5 wires. Based on timing data 
8collected, this process takes an average of 12 minutes with considerable variability (during the 
timing data collection the observed times varied from 7 minutes to about 18 minutes). The 
(elements of this process include approximately 3 minutes to lay the wire and 3 minutes to tighten 
it. Since each of the two deckhands has to work on two wires, this 6 minutes per wire becomes 
12 minutes for the total recoupling. 

This remake time causes significant delays at many locks in the study area during peak 
(operation times. A reduction in the remake time is applicable to all double lockages and benefits 
;a11 tows in the queue. 

1’ Universal Coupler and Hand Winches 

!Descrbtion of Measure. Industry continues to pursue improvements to the barge coupling 
system for time savings and increased worker safety. The aim of these efforts is toward a new 
coupling mechanism for use at all points in the tow, not just the couplings that are worked during a 
double lockage. Since the development of new hardware and coupling procedures will benefit the 
towing industry as a whole, the industry will continue its interest and support of the development 
of such improvements. 

The September 1995 Universal Couplers and Crew Training report concluded that a universal 
coupler could be operated quickly, resulting in time savings. However, the lack of existing 
technology for this application, combined with the investment cost to develop such a device, 
makes the recommendation of this alternative untenable. 
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. Minimum Crew Size with Training 

This measure provides an experienced crew that is large enough to Descrbtion of Measure. 
handle a lockage and save time in the breaking and remaking of tows. Training could reduce the 
variability involved in the make-up process. 

Industry currently provides the required crew size of 3 people (the captain/pilot can not act as 
a deckhand) to handle lines during a double lockage as required by the Corps of Engineers’ 
Navigation Notice 1- 1998. 

Crew training is commonly handled as on-the-job training, though formal training programs 
are provided by some of the larger barge lines. The Coast Guard is responsible for policing the 
waterways and ensuring their safety. However, the Coast Guard does not require testing or 
licensing requirements for deckhands on the inland waterways. One way crew skill is reflected is 
in the lime consumed in the coupling process. However, there is no clear indication that one form 
of training produces crews with greater skill levels than another form of training. As reported in 
the 19’1.5 Universal Couplers and Crew Training report, the majority of the towing companies 
have rl:sponsible staffing and equipment standards, adequate to satisfy any reasonable regulation. 
Thus, “standardization” of training for crews is not recommended at this time as a method of 
reduci lg tow remake time. 

. Permanent Deck Winches 

Some barge lines keep their equipment dedicated to their own fleets and Description of Measure. 
have chosen to mount deck winches on the forward decks of all their barges. The deck winches 
are ust:d in lieu of the steamboat ratchet to tighten the primary fore/aft couplings. Each winch is 
perma lently welded to the deck of the barge and an ample length of wire rope is spooled on the 
drum of the winch. The speed of the uncoupling, although not a significant element of total 
lockag’e time, could be substantially reduced. A deckhand must tighten the wheel of the winch 
slightl,:, to permit the removal of the locking paw, releasing the wheel. This simple step puts 
sufficient slack in the line to permit its removal from all the timberheads and kevels. 

Once the two halves of a tow are faced up, the recoupling can be done, tightening the lines by 
cranking a wheel on the winch. Tightening a single line with a winch will take only a few 
minute:s; the operation is much cleaner than the procedure currently used by the majority of tows. 

Time Savings Estimate. Recoupling with the use of deck winches is estimated to require 
8 minutes, a savings of 4 minutes over the present method of recoupling. The total time of 
8 mirmtes is broken down as 2 minutes per wire to lay times 2 wires per person plus 2 minutes per 
wire to tighten times 2 wires per person. In the LPMS data base, recoupling times are included in 
the “exit” times. With this measure, exit times would be expected to be lowered by about 4 
minutr,s.’ 

Conditions Affectina Implementation. It is reasonable to ask why all towing companies have not 
equipped their barges with deck winches. The answers from industry are three-fold. First, the 
deck winches are expensive. Second, the fleet is essentially interchangeable and a barge owned by 
one company may frequently be found in the tow of another company. Therefore, the assumed 
benefit would not necessarily be accrued by the company that made the investment. Third, for the 
system to work, it would require a costly mandate that all barges (at least those to be used for 
double lockages) be retrofitted with deck winches or that new barge construction provide for 
permanent deck winches. 

2 LPM5 data for 1990 show the exit time for all double lockages to be from 20 to 27 minutes on the Upper 
Mississippi River and from 26 to 35 minutes on the Illinois Waterway. 
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!Costs. The current practice of most companies is to exchange barges on a regular basis for 
Ieconomic reasons. It was therefore assumed that each barge in operation would need to be 
retrofitted with deck winches. Without this provision, the benefits would be lost in reconfiguring 
1:ows to match up barges equipped with deck winches. 

The cost of a single deck winch was estimated to be $1,000 for equipment and installation. 
IBased on an industry fleet of 13,000 barges and 4 winches per barge, the initial capital cost would 
be $52 million. Maintenance costs are expected to be comparable to those costs for the existing 
barge coupling system. In addition, annual maintenance costs of $400 per barge would also be 
required. 

-RelationshiD to Other Measures. Permanent deck winches are complementary to other small 
scale measures, but crew element measures themselves seem to be mutually exclusive. However, 
the combination of permanent deck winches and additional personnel could be considered. 

18 Additional Personnel 

J3escription of Measure. There are five wires to connect the first and second cuts of a tow, but 
only three deck personnel on duty to make the connections. Therefore, each of the deck personnel 
have to take responsibility for one or two of the connections. If two additional personnel were 
available at the lock, each one could be responsible for just one of the connections. Since all five 
connections would be made concurrently, the total remake process time could be reduced by one- 
half. When the coupling process is completed, the two additional deckhands would return to the 
1:op of the guidewalls and await the next tow. 

Time Savinas Estimate. Recoupling with the use of additional personnel is estimated to require 
0 minutes, a savings of 3 minutes over the present recoupling operation. The total time of 
‘9 minutes is broken down as 3 minutes to lay the wires, 4 minutes to tighten them, and 2 minutes 
for the extra personnel to exit the tow (leaving the recoupling points and climbing up the ladder). 

JZonditions Affecting Implementation. This proposed efficiency measure would assign 
experienced deckhands to each of the locks in the congestion area. It is estimated that there is a 
sufficient pool of experienced deckhands that would fill these positions. One issue to be resolved 
is who would be the employer of these workers. The following are three alternative resolutions to 
this issue: 

1’ They could be government employees; 
1’ They could be employees of a local harbor service or switching company that would be under 

contract to the government; or 
11 They could be employees of a local harbor service or switching company whose services 

would be billed to the towing industry for each use. 

Utilization would be required during periods as directed by the lockmaster (communicated 
through a Corps of Engineers Navigation Notice) in the same way that helper boats are currently 
required for specific river conditions. 

Costs. There are no capital expenditures to implement this measure. The costs would be the 
annual cost of the part-time or contract-hire personnel. Assuming that the additional personnel are 
required to be at the locks in the congested area 24 hours a day during the peak traffic periods, the 
cost is estimated at $1,20O/day/lock (2 employees x 24 hours/day x $25/hr). The $25 per hour cost 
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assumes a multiple of 2.5 times the average wage for this type of work to include the anticipated 
indirect administrative and operational costs. 

RelationshiD to Other Measures. Additional personnel is complementary to other small scale 
measures, but crew element measures themselves seem to be mutually exclusive. However, the 
combination of permanent deck winches and additional personnel could be considered. 

. Power Operated Ratchet 

A power operated ratchet is a compact device using a 4-horsepower gas Description of Measure. 
engine to power a hydraulic drive system which operates a specially designed wrench head to 
engage: the steamboat ratchet. The device is portable and can be stationed on the center barge at 
the break couplings. The device allows one deckhand to follow behind the other two deckhands 
who are laying wires and to tighten each wire in turn in 30 seconds to less than a minute per wire. 
The unit improves safety by eliminating the use of cheater pipes and requiring less physical labor. 
However, the unit is heavy (32 lbs.) and could lead to injury if mishandled. 

Recoupling with the use of power operated ratchets is estimated to Time Iiavinas Estimate. 
require 7 minutes, a savings of 5 minutes over the present method of recoupling. The total time of 
7 minutes is broken down as 3 minutes to lay the wires plus 4 minutes to tighten them. 

Conditions Affectina ImDlementation. Recently the towing industry has started testing the 
power operated ratchet with somewhat mixed opinion. There is no known condition adversely 
impacting implementation of this measure other than safety from mishandling. 

Each power operated ratchet costs about $7,500. Each double lockage tow would need Costs. 
one unit. The learning curve to operate the ratchet is reportedly short, requiring about three or 
four lockages of on-the-job training to be efficient. An option would be a lock provided power 
ratchet instead of tow provided. This would necessitate the placement of a ratchet with a hoist at 
both the upper and lower guidewalls at the point where the couplings are remade. A lock person 
would lower the ratchet after the first cut is tied off along the guidewall. After the second cut 
faces up to the first cut, the ratchet is available for tightening the wires. The lock person would 
then raise the ratchet after five of the six couplings were remade. The tow line would then be 
released from the wall and the sixth wire remade using the present procedure (cheater pipe) for 
tightening the wire. 

The first cost is estimated at $172,500. This includes $22,500 for the three ratchets (one 
standby) and $75,000 for installation of a hoist mechanism at each guidewall. An additional lock 
person would be needed to operate the hoist on a 24-hour basis. This would be an added annual 
cost of $259,000. 

The power operated ratchet is complementary to other small RelationshiD to Other Measures. 
scale measures, but excludes the other two crew element measures: Permanent Deck Winches and 
Additional Personnel. 

. Conclusion 

Table 2-8 summarizes the advantages and disadvantages of the three crew element measures 
discussed above. 
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TABLE 2-8: SUMMARY OF CREW ELEMENT MEASURES 

Measure Advantages Disadvantages 
Deck Winch Saves time Major capital expenditure 

Eliminates steamboat ratchet Operational benefit not always 
Time Savings: 4 min Safer to operate realized by investor 
First Cost: $4,0001barge, system Secondary time/cost benefits Used by many companies 
cost Proven use (petroleum barges) Stays with barge, not towboat 

Requires higher maintenance 
Additional Personnel Saves time Availability when needed 

Seasonal flexibility Organizational/pay arrangement 
Time Savings: 3 min No permanent modifications Some non-productive time 
Cost: $1,20O/dayllock No capital investment costs Reduced safety to board and 

Minimal training required depart the tows 
Power Operated Ratchet Saves time Short-term history of operation 

Can be safer to operate than cheater Heavy and could lead to injury if 
Time Savings: 5 min pipes mishandled 
First Cost: $7,5001unitltow No permanent modifications 
provided; $172,50O/lock Proven use (by few towing companies) 
provided, plus $259,000 Portable 
additional annual cost Cost 

As summarized in the above table, all measures provide a time savings. The relative low first cost, 
highest time savings, and the reported successful testing of the tow provided power operated 
ratchet make it appear to be the best of these crew element measures. However, injury from 
mishandling is a concern, and usage of the tool would be at the discretion of towing companies. 
As a result of these concerns, further review of these measures, as well as verification of whether 
these measures fall in the with- or without-project condition, is needed. 

Approach Channel Improvements 

Approach channel improvements can consist of many different measures or combinations of these 
measures to increase safety and reduce the approach time to a lock. Approach channel 
improvements are usually made within a 1.5-mile travel distance from the lock. The 1995 General 
Assessment of Smnll Scale Measures report listed several potential measures under the category 
heading of “Improvements to Approach Channels.” These included: 

Approach Channel Widening/Realignment 
Adjacent Mooring Facilities 
Funnel-Shaped Guidewalls 
Wind Deflectors 
Extended Guidewalls 
Add Guide Cells 
Reconfigure Bullnose 
Radar Reflectors 
Electronic Guidance System 

The General Assessment report screened most of the above from further consideration 
because they were not expected to reduce delays (congestion) at locks or be economically 
inefficient. Approach channel widening/realignment was not recommended because it was 
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deemed to be not cost effective. Adjacent mooring facilities and extended guidewalls were 
recommended for further analysis (and were addressed previously in this section). 

Navigation model testing of Locks 22 and 25 was later conducted at the Corps of Engineers 
Waterways Experiment Station (WES). From the model studies it became apparent that the 
addition of approach channel improvements could improve the path that the downbound tow 
travels when approaching a lock and provide significant savings in approach times. In addition, 
the cost of the channel improvements, relative to the time savings achieved, appeared to be a good 
value. Therefore, it was decided to revisit the cost and performance of approach channel 
improvements as a small scale measure of reducing traffic congestion. The following paragraphs 
summarize the findings of the further investigation into approach channel improvements. 

lmwovements Evaluated. Approach improvements included not only approach channel 
improvements but structural improvements or additions to the lock facility as well as extended 
guidewalls or new 1,200-foot guardwalls which alone provide incremental time savings benefits to 
the lock approach at some locks. The evaluated improvements are listed below, generally in order 
of increasing magnitude of time savings. 

Extended guidewalls 
Channel improvements 
Extended guidewalls plus channel improvements 
Location 3 guardwall alone (auxiliary lock guardwall) 
Location 2 guardwall alone (existing lock guardwall) 
Channel improvements plus a location 3 guardwall 
Extended guidewalls plus channel improvements plus a location 3 guardwall 
Channel improvements plus a location 2 guardwall 

Without site-specific model studies, there is a limited basis for estimating the time savings 
that would be achieved by these measures at each site. Due to the uncertainties in quantifying 
potential time savings, the study team held a lock approach assessment workshop to collectively 
assess the potential approach improvements and associated time savings. Participants included 
Corps of Engineers staff from various offices, including the WES. Field data, physical and 
numerical model results, and the experience of the team members were the basis for 
approximating the approach time savings. A rating system was developed for the approach 
improvements and was applied at each of the UMR lock and dam study sites. The benchmark for 
this rating system is the maximum improvement obtained in the Lock and Dam 22 physical model 
testing. This site currently has the longest fly approach times (i.e., approaches that are not 
influenced by other tow movements). Therefore, the best improvement at Lock and Dam 22 is 
thought to be the upper limit of improvement at other sites. 

In the Lock and Dam 22 physical model, maximum improvement achieved for the typical 
(50% duration) flow was a 35 percent reduction in the downbound approach time for Lock and 
Dam 22. Each of the above improvements was rated on a 0 to 10 scale representing the relative 
level of improvement. With this scale, a rating of 10 equals 35 percent improvement and a rating 
of 0 is no improvement. In general, the percent time savings equals the rating divided by 10, times 
35 (e.g., a rating of 1 is estimated to yield l/10 x 35 = 3.5 percent improvement). The estimated 
percent savings was then multiplied by the known approach times from the LPMS timing data and 
that value (savings in minutes) was subtracted from the approach time to give the new approach 
time. 

Improvements to existing upbound approaches and their potential time saving, although less 
significant than downbound approach improvements, were also evaluated on the same 0 to 10 
scale. Upbound approach improvements include extension of the lower guidewall, channel 
improvements, and combinations of these. 
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Table 2-9 shows the 0 to 10 scale rating for each of the approach improvements by lock site 
from which the percent savings was computed. The write-ups and summary tables in Section 4 
show the conversion to minutes saved by lock. The hydraulic conditions of the IWW are different 
than those of the UMR. The IWW is narrower and the outdraft above the locks is not as severe as 
on the UMR. Therefore, the above scale based upon Lock 22 model study results was not 
considered applicable to the locks on the IWW since approach channel improvements are aimed 
primarily at reducing the effects of outdraft on the lock approach times. The 0 to 10 scale shown 
for the IWW lock sites in Table 2-9 is used only to identify the relative magnitude of potential 
improvements. The IWW improvements generally provide a safer lock approach. 

With the exception of improving the downbound approach canal to Marseilles Lock, the 
reduction in lock approach time on the IWW is considered negligible. Additional navigation 
model studies of the IWW may identify potential approach time savings from these measures, 
including a realignment of the upper approach channel at La Grange Lock. 

Each of the eight approach channel improvements (or combinations of improvements) are 
described below. Cost and time savings estimates for the eight improvements are also discussed. 

. Extended Guidewalls 

Descrbtion of Measure. Under this measure, the existing upstream and downstream 600-foot- 
long landside guidewalls are extended to 1,200 feet long (see Figure 2-4). 

Time Savings ComDonents. As previously discussed, the actual total time savings associated 
with extended guidewalls can be broken down into four components: the reduction in approach 
time; the reduction in the extraction time of the first cut of a double lockage (when used with tow 
haulage or additional towboat power); the reduction in chambering time from faster emptying of 
the chamber on downbound cuts; and the time saving of allowing the remake of the double cut to 
occur outside the lock chamber along the extended guidewall. The latter three were previously 
discussed. The reduction in approach time is addressed here. 

Upstream guidewall extensions allow tows to be in a more controlled state farther up the 
approach, lessening the impacts from dam outdraft on their downbound approach to a lock. The 
upper extension provides a larger target for tows to steer for and easier maneuvering of their stem 
to the guidewall for securing a line to the wall and working the head of the tow to the wall for 
proper alignment and entry into the lock chamber. Downstream guidewall extensions also provide 
a larger landing surface for upbound tows, but these tows are typically not subjected to outdraft. 

Site-Specific Limitations. Complete guidewall extensions are applicable to the UMR and IWW 
lock sites, except as noted on page 2-27. At some sites, guidewall extensions benefit the remake 
time, but do not improve the approach time. 

Cost. Construction costs by lock site are in presented in Section 4 of this report. The first costs 
range from about $30 to $40 million per site for both the upstream and downstream walls at UMR 
Locks 1 l-25. Annual maintenance costs average $30,000 per wall extension. The environmental 
impacts also must be added. Guidewall extension costs are less for the IWW locks, but impacts to 
navigation are high since there is year-round navigation on the IWW. IWW locks are not closed 
during the winter months. 
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TABLE 2-9: RELATIVE IMPROVEMENT OF INDIVIDUAL AND COMBINATIONS OF “CHANNEL” IMPROVEMENTS 
UPPER MISSISSIPPI RIVER LOCKS 

I LOWER LOCK APPROACH UPPER LOCK APPROACH 

1 2 3 4 5 6 7 a 1 2 3 
LOCK. EXTENDED CHANNEL LOC 3 LOC 2 EXTENDED CHANNEL _~_______ __~ - 

NO GUIDEWALL IMPROVEMENT 1+2 GRD WALL GRD WALL 2+4 1+2+4 2+5 GUIDEWALL IMPROVEMENT 1+2 

25 0 to 1 2 to 3 2 to 4 3 to 4 NR 5 to 6 6 to 7 9to10 0 to 1 3 to 4 4 to 5 
24 0 to 1 3 to 4 3 to 5 3 to 4 2 to 3 5 to 6 6 to 7 9to10 1 to 2 2 to 3 3 to 4 
22 0 to 1 3 to 4 3 to 5 3 to 4 NR 5 to 6 6 to 7 9to10 0 to 1 NR NA 
21 oto1 3 to 4 3 to 5 NR NR 5 to 6 6 to 7 a t0 9 1 to2 NR NA 

1 5 7 ~~ t 0 NA to 3 NR to 4 3 NA to 5 NR NA 4 NR to 6 5 NA to 6 NA to 3 to 4 9 MOD to 10* GRWL I 0 1 to to 2 1 2 3 to to 4 3 
2 to 3 1 to 2 3 to 5 NR NR NR NR NR 

~~~ ~~~ 
y --~~ NR 

0 to 1 3 to 4 4 to 5 4 to 5 9to 10 5 to 6 6 to 7 NR 3 to 4 
16 

15 
14 
13 
12 
11 

5 to 6 NR NR 6 to 7 6 to 8 9to10 

NA NR NR 6 to 7 NR 8tolO 
3 to 5 NA NR NA NA 8 to 10’ 

NA NR NR NA NA NA 
NA 5 to 7 9to10 NA 6 t0 8 NA 

2 to 3 

0 to 2 
2 to 3 
0 to 1 
0 to 1 

2 to 3 

2 to 4 
0 to 1 

NR 
1 to 3 

2 to 4 

3 to 5 
3 to 4 

NA 
3 to 5 

3 to 5 3to4 NR 5 to 6 5 to 7 8tolO 1 oto2 NR NA 

ILLINOIS WATERWAY LOCKS 

UPPER LOCK APPROACH I LOWER LOCK APPROACH 

1 z 3 4 5 1 z J 

LOCK EXTENDED CHANNEL LOC 3 LOC 2 EXiENDED CHANNEL 
GUIDEWALL IMPROVEMENT 1+ 2 GRD WALL GRD WALL GUIDEWALL IMPROVEMENT 1+2 

LA GRANGE 0 to 2 1 to 3 2 to 4 NA 8 to lo* 0 to 1 1 to2 1 to 3 
PEGRIA 2 to 4 1 to 3 3 to 5 NA NR 0 to 1 NR NA 

- STARVED RK NR NR NA N-A NR 0 to 3 7to 10 7to 10 
MARSEILLES NR .O TO 5. 10 ~A A!! NA NA 1 to 3 NR NA 
DRESDEN Is 

~~~~~~~ _~~~- ~~~~~~ 
1 to 3 NR NA 7 to 9 8to 10 NR 3 to 7 NA 

BRANDON RD NR 0 to 3 NA NA NR NR 1 to 3 NA 

LOCKPORT NR NR NA NA NR NR NR NA 

I NR = Not recommended, NA = Not Applicable 1;: ~~~ ~~~~~~~ * Rnouirns extensive channel Pwravntinn for nn nristinn 
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Awroach Time Savinas Estimates. Except for Lock 18, whose downbound approach times 
would be expected to improve (i.e., decrease) 2 to 3 minutes, the other UMR lock sites are 
expected to improve by 1 minute or less. The upbound approach improves by an average of 
1 minute. The site-specific approach time improvements are tabulated in Table 4-46. The 
improved approach times were determined using the average relative improvement ratings from 
column 1 of Table 2-9. Approach times are not expected to decrease for the IWW locks. 

ConclusionslSummarv. Extending the existing lock guidewalls allows for a safer lock approach 
and slightly reduces the lock approach time. Guidewall extensions provide yet a greater reduction 
to the overall lock transit time when combined with other small scale measures to extract the first 
cut of a double lockage faster from the lock chamber and to allow for tow remake outside the 
chamber along the extended guidewall. 

. Channel Improvements 

Descrbtion of Measure. Channel Improvements can be one or several additions to the approach 
channel to better align the tow with the lock before the bow of the tow gets to the lock approach 
wall. A safe and efficient lock approach is important in the overall locking process. The locks, 
built 50 to 60 years ago, and their lock approaches were not designed to handle the size (length) of 
today’s tows. Additional transit time is added to the locking process when tows maneuver 
excessively to align with the lock chamber. This can be due in large part to unfavorable cross 
currents or an inadequately aligned approach channel or a combination of both and other factors 
requiring tow captains/pilots in some cases to bring the tow to a stop, back up a distance, and then 
proceed forward to the lock (a “flanking” maneuver). 

Downbound tows have greater approach difficulties than upbound tows. This is because of 
the outdraft which is common at most UMR locks. An outdraft is a current that flows from the 
upstream shoreline across the lock approach to the dam gates. This current requires tows to flank 
their approach for some distance above the lock, maneuvering their stern to the shoreline as they 
approach the lock guidewall. Outdraft is especially severe during higher than normal river flows 
when currents are swifter. For upbound tows, the flow, which spreads out below the dam toward 
the shoreline, helps push the tow to the lower landside guidewall, thus making for an easier 
upbound approach most of the time. Sometimes this current pins a tow along the lower guidewall, 
making downbound exits from the wall difficult. 

In general, a straight approach of three tow lengths or 3,600 feet from the end of the approach 
wall (a 1,200-foot guidewall or a 1,200-foot guardwall) is desirable for the downbound approach. 
Two tow lengths or 2,400 feet is considered a minimum for the downbound approach. This criteria 
can be relaxed for the upbound approach on a site-specific basis since tows are not subjected to a 
severe outdraft. 

Outdraft is not as severe a problem at locks on the IWW, especially at locks above Peoria 
Lock. Peoria and La Grange Locks both have wicket gate dams which allow open pass travel 
(bypass the lock) when the wickets are lowered during high river flows. The two-tow length 
criteria can be relaxed for the downbound approach as well as the upbound approach. 
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SamDIe Measures. Figure 2-6 shows a sample of the various measures being considered to 
provide a better approach channel. A brief description of each measure is provided below. 

Submemed Dikes (groins) are placed above the lock to reduce the magnitude of the outdraft. 
They are constructed of rock and their top elevation is a minimum of 15 feet below pool elevation. 
If the water is deep enough, 20 feet is preferred. 

Dike Fields are placed upstream of the lock to reduce the outdraft. They are constructed of 
rock and their top elevation is usually 2 feet above pool elevation. They are placed perpendicular 
or at a slight angle to the shoreline. The distance between the dikes varies, but commonly they are 
placed about 1,000 feet apart. 

Vane Dikes are placed parallel to the channel to reduce the current to the dam from the 
shoreline (outdraft). They can be used when the distance from the riverbank to the channel’s edge 
is too far, making placement of dikes from the shoreline uneconomical. These dikes are 
constructed of rock with the crest 2 feet above normal pool elevation. They are set back from the 
channel and have gaps between them to allow some passage of flow. 

DreduindBank Excavation is recommended if the channel needs to be shifted to better align 
with the lock, especially for the downbound approach, where a straight alignment is desired for 
two tow lengths (2,400 feet) above the lock approach wall. Dredging/bank excavation can be 
recommended downstream to make the approach/exit more efficient near the approach wall. 

Trail Dikes are angled off the downstream end of the riverward lockwall to keep flow from 
pinning downbound tows on the lower approach wall, making their exit difficult. These dikes are 
50 to 100 feet long and are constructed of rock. A short concrete wall can be a better solution. 

Aodicabilitv to Lock Sites. Section 4 contains a description of the alternative measures that 
are being considered for each site. 

Cost and Performance. The estimated costs and performance (i.e., improved approach 
times) for channel improvement measures are summarized in Table 4-47. At sites where channel 
improvements are applicable, the first costs vary from about $200,000 to about $5 million. At 
Lock 16, the cost is as high as $14 million if the upper channel is relocated. In addition, annual 
maintenance costs ranging from $8,000 to $680,000 per approach also are required. These costs 
do not include environmental impacts which must be added. There are no impacts to navigation 
during placement of channel improvements. Downbound approach times decrease by an average 
of 3 minutes (range 1 to 6 minutes) at the applicable lock sites. Marseilles Lock is an exception 
where savings of approximately 60 minutes or more are possible on roughly 25 percent of 
exchange lockages (30 minutes savings in upbound exits/30 minutes savings in downbound 
approaches). Likewise, upbound approach times decrease by about 2 minutes at applicable sites. 
The improved approach times were determined using the average relative improvement ratings 
from column 2 of Table 2-9. 

Conclusionshummarv. The estimated savings in lock approach time at some locks is significant 
with channel improvements. Physical model testing should be considered to determine and verify 
the improvements needed to provide the most efficient navigation approach. 
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n Extended Guidewalls Plus Channel Improvements 

Description of Measure. This measure combines the two previously discussed measures, 
extending the guidewalls plus channel improvements. An example is shown in Figure 2-7 for a 
generic lock site. 

Cost and Performance. The first cost and new approach time savings for the fly and exchange 
approaches are given in Table 4-48. In addition to the first cost, annual maintenance costs 
averaging over $200,000 upstream and over $90,000 downstream would be required. The 
improved fly and exchange approach times were determined using the average relative 
improvement ratings from column 3 of Table 2-9. The average improvement in the downbound 
fly approach is about 4 minutes with a maximum of about 7 minutes. The average improvement in 
the downbound exchange approach is about 3 minutes with a maximum of about 5 minutes. The 
upbound improvement in both the fly and exchange approaches is about 3 minutes. 

ConclusionslSummarv. The combination of extended guidewalls and channel improvements 
gives a greater reduction in lock approach times than the individual measures do separately. 
Channel improvements generally provide a greater incremental approach time savings at less cost 
than guidewall extensions and, after confirmation by site-specific model studies, should be 
considered further as a betterment to lock transit time. 

. Auxiliary Lock Guardwall 

Descriotion of Measure. An auxiliary lock guardwall (L3) is constructed as a I ,200-foot 
upstream extension of the river wall (Figure 2-8). Upstream guardwalls are constructed with 
openings below the waterline that allow water to flow from the approach channel to the dam gates. 
This flow tends to pull a tow toward the guardwall. If the guardwall is located as an extension of 
the riverside lockwall, this helps to align the tow for entry into the lock chamber. In this case with 
the wall located riverward of the lock chamber, there is some reduction in the magnitude of the 
outdraft, but the tow must still use the existing 600-foot guidewall to align itself for entry into the 
lock chamber. The 1,200-foot guardwall provides some added safety in preventing tows or 
breakaway barges from being drawn into the dam gates, potentially causing damage to the dam 
and the barges as well as their cargo. 

Aoolicabilitv to Lock Sites. The placement of an auxiliary lock guardwall alone without any 
other upstream channel improvement is applicable at only a few lock sites where the existing 
riverbank above the lock goes landward, providing room for a tow (1,200 feet long) to approach 
the lock. Construction of an auxiliary lock guardwall is possible at Mississippi River Locks 11, 
12, 17, 22,24, and 25. On the IWW, an auxiliary lock guardwall placement is possible only at 
Dresden Island. 

Cost. The cost of this measure ranges from $16 to $23 million for those sites where an auxiliary 
lock guardwall alone without any other approach improvement is applicable. Annual maintenance 
costs are estimated at $10,000 per lock. Environmental impacts must be added as well as impacts 
to navigation during construction of the guardwall. See Section 4 for more discussion of costs and 
impacts and Table 4-49 for site-specific cost and the additional cost from navigation impacts. 
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Section 2 - Measures Under Consideration 

Time Savings Estimates. The improved fly and exchange approach times were determined using 
the average relative improvement ratings from column 4 of Table 2-9. An average time savings of 
3 to 4 minutes is estimated with a maximum saving of 6 minutes for the fly approach at Locks 17 
and 22. Table 4-49 shows the improved approach times by lock sites. 

ConclusionslSummarv. It is estimated that a location 3 guardwall alone provides a similar 
reduction in lock approach time as extended guidewalls with channel improvements. A location 3 
guardwall alone does not provide any other reduction in lock transit time. 

. Existing Lock Guardwall 

Description of Measure. An existing lock guardwall (L2) is constructed as a 1,200-foot upstream 
extension of the intermediate lockwall (the wall between the existing lock and the auxiliary lock) 
(Figure 2-9). At this location, the guardwall provides more benefits to downbound tows than an 
auxiliary lock guardwall if outdraft is not severe. If outdraft is severe and no other approach 
improvements are made to reduce the outdraft, an existing lock guardwall is more of a hindrance 
to approaching tows than a guardwall at the auxiliary lock location. The existing lock guardwall 
would be constructed of the same design as the auxiliary lock guardwall. The existing guidewall 
would not be used and would likely be a hazard. The guidewall would be removed and the 
bankline tapered to provide a 200-foot-wide opening for the tow as the tow approaches the 
guardwall. The existing lock guardwall would also provide the safety benefit of helping to prevent 
tows or breakaway barges from being drawn into the dam. 

ADDlicabilitv to Lock Sites. The placement of an existing lock guardwall alone without any other 
upstream channel improvement is applicable at fewer lock sites than those lock sites where an 
auxiliary lock guardwall is applicable. This is because inadequate room for a 1,200-foot-long tow 
would be available to approach the lock with an existing lock guardwall. An existing lock 
guardwall placement without channel work is possible at Mississippi River Locks 12, 17, 19, and 
24, although at Lock 24 outdraft during high flows would impede tows approaching the guardwall. 
On the IWW, an existing lock guardwall placement is possible at Dresden Island. 

Cost Estimate. The cost of an existing lock guardwall ranges from $14 to $2 1 million for those 
sites where placement is applicable. Additionally, annual maintenance costs are estimated at 
$30,000 per lock. Environmental impacts must be added, as well as the high cost impacts to 
navigation during construction of the guardwall. See Section 4 for more discussion of costs and 
impacts and Table 4-50 for site-specific costs. 

Time Savinas Estimates. The improved fly and exchange approach times were determined using 
the average relative improvement ratings from column 5 of Table 2-9. These improvement ratings 
indicate an average 1 1 - to 14-minute saving for Lock 17, and more moderate improvements (2 to 6 
minutes) for the other sites where this measure is applicable (Table 4-50). 

ConclusionslSummarv. Of the four sites on the UMR where a location 2 guardwall (alone) is 
applicable, only at Locks 12 and 17 is there an apparent additional reduction in downbound 
approach time over what a location 3 guardwall provides. 
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Section 2 - Measures Under Consideration 

. Channel Improvements Plus an Auxiliary Lock Guardwall 

Descriotion of Measure. This measure combines the two previous measures of the same names. 
Together this combination provides some incremental benefit over placement of each of the two 
measures separately. 

Atwlicabilitv to Lock Sites. Channel improvements plus an auxiliary lock guardwall is 
applicable to all the UMR lock sites except Locks 12, 13, 14, 18, 19, Melvin Price, and Locks 27. 
Channel improvements plus an auxiliary lock guardwall is not, however, applicable to any of the 
lock sites on the IWW because these locks do not have an auxiliary gate bay (in the case of 
Dresden Island there are no identified upstream channel improvements even though it has an 
auxiliary gate bay). 

Cost and Performance. The first cost and new approach time savings for the fly and exchange 
approaches are given in Table 4-5 1 (Section 4) for the applicable lock sites. In addition to the first 
cost, annual maintenance costs averaging approximately $250,000 per lock are anticipated. The 
improved fly and exchange approach times were determined using the average relative 
improvement ratings from column 6 of Table 2-9. Average savings in approach times are 
estimated at 5 to 6 minutes. 

ConclusionslSummarv. Channel improvements plus a location 3 guardwall provide an 
incremental savings in the downbound approach time over what these measures provide 
independently. As with any of the approach channel improvements discussed in this section, 
physical model testing should be considered during site-specific lock studies to verify the most 
efficient approach improvements. 

. Extended Guidewalls Plus Channel Improvements Plus an 
Auxiliary Lock Guardwall 

Descriotion of Measure. This measure combines the three measures of the same names. This 
combination provides a slight incremental saving to the approach time over what the combination 
of channel improvements plus an auxiliary lock guardwall provides. In addition to lessening the 
delays due to outdraft, which channel improvements and an auxiliary lock guardwall do, the tow 
has the benefit of an extended 1,200-foot guidewall on which to land and align with the lock 
chamber. 

ADplicabilitv to Lock Sites. Extended guidewalls plus channel improvements plus a location 3 
guardwall is applicable to all the UMR lock sites except Locks 13, 14, 15, 18, 19, Melvin Price 
Locks and Locks 27. This combination is not applicable to any of the lock sites on the IWW 
because these locks, other than Dresden Island, do not have an auxiliary miter gate bay. This 
combination is not applicable at Dresden Island either since there are no identified upstream 
channel improvements for Dresden Island. 

Cost and Performance. The first cost ranges from $38 to $54 million for this combination of 
measures, plus the economic impact to navigation during construction. Table 4-52 (Section 4) 
shows site-specific costs and impacts. Annual maintenance costs are estimated at $300,000 per 
lock site (range from $91,000 to $720,000). Environmental impact costs have not been identified 
to date. The improved fly and exchange approach times were determined using the average 
relative improvement ratings from column 7 of Table 2-9. The downbound exchange approach 
times decrease by an average of 5 minutes. 
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Conclusions/Summary. The basic cost for this improvement is higher than the more efficient 
improvement which is discussed next: Channel Improvement Plus an Existing Lock (Location 2) 
Guardwall. However, the impacts to navigation are much less during construction of the extended 
guidewall and auxiliary lock guardwall than during construction of an existing lock guardwall that 
is in closer proximity to the navigation channel. 

. Channel Improvements Plus a Guardwall Addition to the Existing Lock 

Description of Measure. This measure combines the two measures of the same names. This 
improvement includes removing the existing landside guidewall and tapering the bankline to 
provide a 200-foot navigable opening at the upper end of the guardwall. This combination 
generally provides the most significant time savings over existing conditions. 

ApDlicabilitv to Lock Sites. Channel improvements plus an existing lock guardwall is applicable 
to all the UMR lock sites except Locks 12, 13, 17, 18, Melvin Price Locks and Locks 27. For 
Locks 13 and 18, no time savings is anticipated from placement of an existing lock guardwall. 
However, future site-specific model studies may contradict this assumption. At Locks 12 and 17, 
placement of an existing lock guardwall without any channel improvements already improves the 
approach as much as can be expected. 

Some lock sites require more extensive channel widening/shifting to accommodate an 
existing lock guardwall. Excavation into the Old Le Claire Canal at Lock 14 is needed to provide 
just one-half tow length of straight approach above an existing lock guardwall. 

For the IWW, channel improvements plus an existing lock guardwall is applicable only at 
La Grange Lock. Extensive channel excavation is needed above the lock to provide one tow 
length of straight approach above the guardwall. A model study would help identify any approach 
time savings. 

Cost and Performance. The first cost ($11 to $33 million) and improved times for the fly and 
exchange approaches are given in Table 4-53. Annual maintenance costs are estimated at 
$250,000 annually per lock. The high cost impacts to navigation during construction are discussed 
in Section 4. Environmental impact costs have not been included. The improved fly and exchange 
approach times were determined using the average relative improvement ratings from column 8 of 
Table 2-9. The average improvement in the downbound approach times for the applicable lock 
sites is 6 to 9 minutes. 

ConclusionslSummarv. Channel improvements with an existing lock (location 2) guardwall 
generally provides the most efficient downbound lock approach where outdraft is a major concern 
such as at the UMR locks. At some locks, the desired minimum straight approach of two tow 
lengths (2,400 feet) above the guardwall is not attainable without additional major channel 
widening and/or relocation. 
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SECTION 3 - SITE APPLICATION OF MEASURES 

The following section provides information collected on the application of the small scale 
measures to each lock site. The information was complied by the study team during lock site 
visits in August and September of 1994 to UMR Locks 11 to 25 and Peoria and La Grange Locks 
on the IWW. In August 1996, members of the Engineering Work Group met at Lock 27 to discuss 
issues related to Locks 27 and Mel Price. Site visits to other IWW locks, including Starved Rock, 
Marseilles, Dresden Island, Brandon Road, and Lockport, were conducted in November 1996. 
Participants at these meetings varied, but included State resource agency representatives, U.S. Fish 
and Wildlife Service personnel, and navigation interests. In addition to the site visits, follow-up 
calls were made to lo&masters to clarify results and gather information on site-specific 
applications of the various measures to the particular lock sites. 

Approach improvement information was provided from modeling studies at the Corps of 
Engineers Waterways Experiment Station and a follow-up meeting with the principal investigator. 
A June 1993 report by the Rock Island District entitled, Mississippi River Locks and Dams I I-22 
Approach Improvements: Rehabilitation Evaluation Report, also provided valuable information. 

A significant amount of information was collected from each site and is summarized where 
applicable in the following report sections. Information is presented first for UMR locks, followed 
by IWW locks. Categories of information collected for each site include: 

. Description: Summary of site location 

. Approach Conditions/Locations: Information on site conditions and Fly and Exchange 
Lockage Approach Points 

. Measures Under Consideration: Time savings and cost estimates and listing of measures not 
applicable to a particular site 

n Adjacent Moorings: Both current and potential sites for new adjacent moorings 
. Approach Improvements and Guidewall/Guardwall Extensions 
. Remote Remake Areas: Potential sites 
n Other Site Information: Use of helper boats, scheduling, self help, etc. 

UPPER MISSISSIPPI RIVER LOCKS 

Lock 77, Dubuque, Iowa 

n Description 

Lock 11 is located at River Mile (RM) 583.0 with the lock located on the Iowa shore near 
Dubuque, Iowa. This lock marks the upper limit of the sites being specifically evaluated as part of 
this detailed assessment. Completed in 1937, the lock has a usable chamber measuring 110 feet 
wide and 600 feet long. The upstream guidewall is 5 10.5 feet, with a 626-foot skewed wall 
extending upriver. The lower guidewall is 500 feet long. The lift is 11 .O feet. Plate 1 in 
Appendix C shows the site and potential improvements that are described below. 

3-1 



UMR-IWW System Navigation Study Detailed Assessment of Small Scale Measures 

n Approach Conditions/Locations 

Outdraft is a problem at this site, as reported during the initial screening site visit. Strong outdraft 
currents, significantly impacting approaches, occur during approximately 25 percent of the 
navigation season. Downbound tows usually wait about 200 feet from the upstream end of the 
skewed section of the upper guidewall. Upbound tows are able to pass downbound tows at this 
location. Currently some downbound tows tie off on the dogleg or skewed wall, sometimes 
causing a lo- to 15-minute delay. Departing northbound tows must maneuver around the bow of 
the southbound tow. The marina downstream of the lock does not interfere with lock conditions. 
It is located approximately 1 mile downstream. There is ample room for northbound tows to wait 
along the Iowa bank below the lock. The endangered Higgins’ eye (Lampsilis higginsi) mussel is 
present along the left descending riverbank below the storage yard, and this area is a popular 
fishery. A large scour hole below the dam gates, approximately 60 feet to 80 feet deep, extends 
across the entire gated section of the dam. Small scale measures should consider mooring cells 
where tows currently wait. A properly placed mooring cell downstream of the lock, possibly out 
in the channel, would improve the dangerous situation with recreation traffic in the area. 

The following approach locations are the typical river miles were a fly approach (tow 
approaching an available lock) and an exchange approach (tow approaching a lock being exited by 
a tow going the opposite direction) are considered to start. In most cases, the fly approach point is 
where the tow comes into view of the lock crew. The typical exchange point location is where the 
stern of the exiting tow passes the stern of the approaching tow. While exchange points can take 
place in the channel, they most often occur in areas where the tow waiting to lock can tie off or 
push into the bank. However, approach locations and times vary considerably due to changing 
site, weather, and river conditions and widely variable capabilities of the crews and tows operating 
on the system. 

Unuer AuuroachDownbound: Fly and exchange lockages approach points are at RM 583.6. 

Lower Approach/Unbound: Fly and exchange lockages approach points are at RM 582.5. 

n Measures Under Consideration 

At Lock 11, most small scale measures are currently under consideration. The following table 
summarizes the expected cost and time savings by measure for this site. However, the time 
savings for some measures, including tolls and reports, recreational measures, and scheduling, 
could not be determined without additional analysis. The information in this table, while 
providing a general indication of the cost and time savings, has been greatly simplified and does 
not equally summarize the cost and performance factors of each measure. As a result, this table’s 
value is somewhat limited in comparing the measures. Section 4 provides additional information 
on the cost and performance of each measure. 
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TABLE 3-1: COST AND TIME SAVINGS OF MEASURES AT LOCK 11 

Measure cost 1’ 
Helper Boat $640,00O/boatlyear 

Time Savings to 
Waiting Tows 2’ Comments 

Some incremental approach Approach time savings is limited to those 
time savings possible tows not currently being assisted. Likely 

to happen without project. 
Switchboat $1 .I 3 mil/boat/year US: 22 min. TRBK DBL Remake time savings possible all flows 
w/Guidewall $3.2 to 22.3 mil initial/gw ext DS: 23 min. TRBK DBL with adequate horsepower. Requires 
Extension removal of dogleg guidewall. 
Switchboat w/Remote $1.33 mil/boat/year US: 22 min. all DBL Remake time savings possible all flows 
Remake & 300’ US $3.7 mil initially/moor DS: 23 min. all DBL with adequate horsepower. 
Guidewall $2.1 to 11.2 mil initial/gw ext 

3/ 

Industry Self Help 
w/Moorings or 
Guidewall Ext. 

$50/hour for fuel 
$500k initially/cell 
GW costs same above 

US: 16 min. all DBL 
DS: 17 min. all DBL 

Remake time savings possible all flows 
with adequate horsepower, except would 
not back cuts US during outdraft without 
wall ext. 

Tolls and Time 
Charges 

$465,000* initially 
$235,000’ annually 

TBD Roughly same cost for all fee measures - 
includes coordination, setting charge, 
implementation 

Publish Lockage $65,000’ annually Limited Very difficult to estimate time savings 
Times 
Recreational Craft $520,000’ initially Limited Cost includes public meetings, signage, 
Scheduling $35,000* annually and public awareness 
Ret Boat Landings N/A Adequate sites available 
Scheduling Program $550,000* initially $35,000* Limited Time savings/delay reduction depends 

annually on method used 
Powered Kevels w/Ext US: $22.8 mil initially US: 7 min. TRBK DBL Cost of powered kevel is $750,00O/wall 
Guidewalls DS: $13.9 mil initially DS: 7 min. TRBK DBL 
Powered Kevels w/Ext US: $22.9 mil initially US: 21 min. TRBK DBL Annual cost increase associated with 
Guidewalls & Addl DS: $13.9 mil initially DS: 21 min. TRBK DBL additional personnel 
Personnel Plus $518,000 annually per 

lock 
US: $22.3 mil initially 6 min. TRBK DBL Cost of extending unpowered kevels is 

21 min. TRBK SETOVER $240,000 initially 
Unpowered Kevels 9 min. TRBK KNOCKOUT 
w/Ext Guidewalls DS: $13.5 mil initially 6 min. TRBK DBL Cost of unpowered kevels is $360,000 

14 min.TRBK SETOVER initially 
8 min. TRBK KNOCKOUT 

Permanent Deck 
Winches 
Additional Personnel 

$4,00O/barge initially 

$1,20O/day/lock 

4 min. all DBL 

3 min. all DBL 

System cost TBD 

Implement during lock congestion 
periods 

Powered Ratchet 
Wrench 
Approach 
Improvements 
Various Options: 

$7,50O/unit initially 

$4.6 to 26.7 mil initially*** 

5 min. all DBL 

Less than 1 min. to 4 min. 

One unit per DBL tow 

Individual options detailed in Section 4*’ 

1’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 
z/Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. 
Time savings shown are for tows waiting in queue. The actual tow may experience smaller savings, since in some cases the same operations are 
performed, only the location is moved. 
3’ Costs of 300-foot wall extensions approximated by one-half cost of 600.foot walls. 

* Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
+’ Some options provide potentially greater time savings but at a high cost to the navigation industry due to delays and closures during construction. 
l ” An additional cost of $450,000 is anticipated for a model study to verify the site-specific optimum approach improvements. 
US - Upstream TRBK - Turnback Lockages Only 
DS Downstream DBL - Double Lockages 
TBD -To Be Determined 
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n Adjacent Moorings 

Currently both the upstream and downstream approaches lack formal mooring areas (mooring 
cells, bank anchors, etc.). However, some downbound tows are able to approach up to the end of 
the skewed guidewall at RM 583.3. Potential locations for adjacent moorings include: 

Upper Approach/Downbound: Could use a mooring cell at RM 583.8 on the right descending 
bank. A closer mooring at RM 583.5 would be possible if 
approach channel improvements are not made. 

Lower Approach/Unbound: Could use a mooring cell at RM 582.5 on the left descending 
bank. 

n Approach Improvements and Guidewall/Guardwall Extensions 

Based on the presence of outdraft conditions upstream of the lock, the potential for approach time 
savings exists if approach improvements are implemented. The three upstream locations under 
consideration for guidewall and guardwall extensions mirror the options at most of the other sites. 
The first option is extending the existing landside guidewall to 1,200 feet. Guidewall extensions 
are under consideration as a measure both above and below the lock. The second option or 
location 2 (L2) involves construction of a 1,200-foot guardwall (riverside structure) extending 
upstream from the intermediate wall or riverside lockwall. The final option is the construction of 
a 1,200-foot guardwall extending upstream at location 3 (L3) from the riverward wall of the 
auxiliary gate in the auxiliary lock if one is present. 

Upper Lock Approach: The potential channel improvements include reconstructing the wing dike 
located about 1,900 feet above the lock with an L-head, adding another wing dike about 1,000 feet 
above it, constructing a series of vane dikes for 2,000 feet above the dikes, and shifting the 
navigation channel about 500 feet east along and above the vane dikes. Soundings show adequate 
water depths in the area of the channel shift, thereby eliminating any initial channel dredging. 
These channel improvements have an estimated betterment of 3 to 4 on the 10 scale described in 
Section 4. Extending the guidewall without the channel improvements could have a negative 
impact on the approach. An L3 guardwall alone has an improvement potential of 3 to 4 and 
improves, when implemented in combination with other measures. An L2 guardwall alone is not 
recommended but, in combination with the channel improvements to include removal of the 
existing guidewall and the dog-legged extension, gives the best improvement potential of 8 to 10. 
Ice collection with either the L2 or L3 guardwall is a concern and has to be model studied prior to 
any implementation. 

Lower Lock Approach: No channel improvements are recommended for the lower approach. 
Extending the guidewall has an estimated betterment of 0 to 2 on the 10 scale. 

n Remote Remake Areas 

The same locations mentioned for adjacent mooring facilities could be remake areas. The primary 
difference would be the use of spud barges and cells to create a flat surface rather than a single cell 
or other mooring. Additional sites are currently available upstream; however, if the vane dikes are 
constructed, the potential to use the off-channel area around RM 584 would be eliminated. 
Ideally, another site than the nearest adjacent mooring cell would be found to allow exchange 
lockages to occur without slowing the first tow approaching from the opposite direction. 
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Uuper AuproachKJpbound: Could use a remake area at RM 583.5 on the right descending 
bank. If channel improvements are not made, a site from RM 
583.7 to RM 584.5 would be available. 

Lower Anproach/Downbound: Could use a mooring at RM 582.5 on the left descending bank. 
Use of this location could require shortening of the wing dams. 
The other potential option at this site would be at RM 582.5 on 
the right descending bank, below the lock. However, the site 
would need to be placed carefully to avoid conflicts with the 
marina. 

n Other Site Information 

As a result of moderate traffic levels at the site, scheduling and self help are not typically used. 
However, helper boats are used for approach assistance when stronger outdraft currents are 
present. 

L&D 12, Bellevue, Iowa 

n Description 

Lock 12 is located on the Bellevue, Iowa, riverfront at RM 556.7. The lock has a usable chamber 
of 110 feet wide and 600 feet long. The site includes a 5 17-foot-long upstream guidewall and a 
500-foot-long lower guidewall. The lift at flat pool is 9.0 feet. Plate 2 in Appendix C shows the 
site and potential improvements described below. 

. Approach Condition/Locations 

As reported during the initial screening site visit, outdraft (occurring during approximately 
45 percent of the navigation season) is a problem at this site. In addition, there is a poor exit 
condition going downstream. Tows leaving the lock have to “flank out” to get away from the wall 
and avoid a wing dam just below Mill Creek. Some interference with recreation traffic occurs 
downstream as there is a city dock just downstream of the lock. Lock personnel thought the 
upstream outdraft problem could be solved with a l,OOO-foot solid extension of the landside 
guidewall. A large scour hole below the dam gates, approximately 90 feet deep, extends across 
the entire gated section of the dam. The existing mooring cell upstream of the lock at RM 557.4 is 
well placed for the existing lock usage. 

Upper AnnroacWDownbound: Fly lockages approach point is at RM 558.0. 
Exchange lockages point is at RM 557.4 on the existing cell. 

Lower AnuroachAJpbound: Fly lockages approach point is at RM 556.0. Exchange lockages 
point is at RM 555.0 where tows wait along the bank. 
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. Measures Under Consideration 

At Lock 12, all measures are currently under consideration. Table 3-2 summarizes the expected 
cost and time savings by measure for this site. However, the time savings for some measures, 
including tolls and reports, recreational measures, and scheduling, could not be determined 
without additional analysis. The information in this table, while providing a general indication of 
the cost and time savings, has been greatly simplified and does not equally summarize the cost and 
performance factors of each measure. As a result, this table has limited value in comparing the 
measures. Section 4 provides additional information on the cost and performance of each 
measure. 

n Adjacent Moorings 

While an existing cell at RM 557.4 assists downbound tows, the lower approach lacks a formal 
mooring area (mooring cells, bank anchors, etc.). The addition of a mooring around RM 556.0 
would provide considerable benefits to the site by allowing tows to exchange nearly one mile 
closer to the lock than what is normally occurring due to the relatively narrow channel. A 
significant time savings of over 20 minutes and up to 40-45 minutes was estimated due to reduced 
travel time for the exiting tow to reach the exchanging tow, and reduced time and distance for the 
approaching tow to reach the lock. 

Upper ApproachjDownbound: Could use an additional mooring at RM 558.0 on the right 
descending bank. However, this may conflict with houses located 
near shore. 

Lower Approach/Unbound: Could use a mooring at RM 556.0 on the left descending bank. 
Use of this location would likely require shortening of the wing 
dams. 

. Approach Improvements and GuidewalllGuardwall Extensions 

Based on the presence of outdraft conditions upstream of the lock due to the narrow dam, some 
potential for approach time savings exists if approach improvements are implemented. The 
optimum approach improvements should be verified by a model study before any implementation 
of the improvements. 

Upper Lock Approach: Some straightening/tilling of the bankline above the lock may help reduce 
the outdraft to a limited extent. Extending the guidewall has a potential improvement of 0 to 1. 
An L3 guardwall with guidewall extension has a potential improvement of 6 to 8. An L2 
guardwall with removal of the existing guidewall has an estimated improvement of 9 to 10. The 
model study could show the incremental benefits of a guide cell above the riverward lockwall. 
The need for unpowered or powered kevels in combination with the guidewall extension will also 
be explored. 

Lower Lock Approach: Channel improvements include shortening the wing dikes along the left 
descending bank, a trail dike off the lower end of the riverside lockwall, and some dredging along 
the channel right edge to allow for a better downbound exit from the guidewall. These channel 
improvements have an estimated betterment of 1 to 3 on the 10 scale. The guidewall extension 
has a potential improvement of 0 to 1, Together the channel improvements and guidewall 
extension have a potential improvement of 3 to 5. 
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TABLE 3-2: COST AND TIME SAVINGS OF MEASURES AT LOCK 12 

Measure cost 1’ 
’ Helper Boat $640,00O/boatfyear 

Time Savings to 
Waiting Tows 2’ 

Some incremental 
approach time savings 
possible 

Comments 
Approach time savings is limited to those 
tows not currently being assisted. Likely 
to happen without project. 

Switchboat w/Guidewall $1.13 mil/boat/year US: 18 min. TRBK DBL Remake time savings possible all flows 
Extension $3.2 to $27.6 mil initial/gw DS: 24 min. TRBK DBL with adequate horsepower. 

ext 
Switchboat w/Remote $1.33 mil/boatIyear US: 18 min. all DBL Remake time savings possible all flows 
Remake & 300’ US $3.7 mil initially/moor DS: 24 min. all DBL with adequate horsepower. 
Guidewalls $2.1 to $13.8 mil initial/gw 

ext 2’ 
Industry Self Help $50/hour for fuel US: 12 min. all DBL Remake time savings possible all flows 
w/Moorings or Guidewall $500k initially/cell DS: 18 min. all DBL with adequate horsepower, except would 
Ext. GW costs same above not back cuts US during outdraft without 

wall ext. 
Tolls and Time Charges $465,000* initially TBD Roughly same cost for all fee measures - 

$235.000* annually includes coordination, setting charge, 
implementation 

Publish Lockage Times $65,000* annually Limited Very difficult to estimate time savings 
Recreational Craft $520,000* initially Limited Cost includes public meetings, signage, 
Scheduling $35,000* annually and public awareness 
Ret Boat Landings $270,000 initially N/A Currently no landing available for over 15 

$12,500 annually mi below lock on left bank 
Scheduling Program .$550,000* initially Limited Time savings/delay reduction depends 

$35,000* annually on method used 
Powered Kevels w/Ext US: $28.1 mil initially 2 min. TRBK DBL Cost of powered kevel is $750,00O/wall 
Guidewalls DS: $13.6 mil initially 5 min. TRBK DBL 
Powered Kevels w/Ext US: 28.1 mil initially US: 16 min. TRBK DBL Annual cost increase associated with 
Guidewalls & Add1 DS: 13.7 mil initially DS: 19 min. TRBK DBL additional personnel 
Personnel Plus $518,000 annually 

per lock 
US: $27.6 mil initially 6 min. TRBK DBL Cost of ext’ending unpowered kevels is 

20 min. TRBK DBL 
Unpowered Kevels 
w/Ext Guidewalls 

TRBK KNOCK0 

u Costs of 300.foot wall extens!ons approxlmaled by one-half cost of 600.foot walls 
1’ Includes Impacts to navlgatlon during constructlon. 
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n Remote Remake Areas 

The same locations described for adjacent mooring facilities could work for remote remake areas. 
The primary difference would be the use of spud barges and cells to create a flat surface for use 
with switchboats or just a couple cells with self help. 

Upper ApproachKJpbound: Could use a mooring at approximately RM 557.5 in the channel. 
A suitable site on the right descending bank at or around Rh4 
557.4 would be preferred; however, a number of houses are 
present. Another option would be along the right descending 
bank at RM 557.9. 

Could use a mooring at RM 556.1 on the left descending side of Lower Approach/Downbound: 
the channel. Use of this location could require shortening of the 
wing dams. 

n Other Site Information 

Currently nearly 50 percent of tows use helper boat assistance throughout the year due to site 
conditions that result in outdraft being present approximately 45 percent of the year. Typically 
one of two different assist boats is available, with either 450 or 800 horsepower. While the time 
savings provided by the helper boats varies widely, they provide an estimated average approach 
time savings of 25 plus minutes under outdraft conditions and 1.5 to 20 minutes under lower, non- 
outdraft flows. 

A switchboat should be able to pull cuts under all flows. 

Don’t regularly use scheduling or industry self help due to limited queues. 

Could use an additional boat landing below the lock on the Illinois side. Currently the closest site 
is nearly 20 miles away. 

L&D 13, Fulton, Illinois 

n Description 

Lock 13 is located on the Illinois shore at RM 522.5 just upstream of Fulton, Illinois, and Clinton, 
Iowa. The lock has a usable chamber of 110 feet wide and 600 feet long. The site includes a 500- 
foot-long upstream guidewall and a 5 17-foot-long lower guidewall. The lift at flat pool is 11 .O 
feet. Plate 3 in Appendix C shows the site and location of proposed measures. 

n Approach Condition/Locations 

Outdraft is not a problem at this site. However, the pool is very wide and tows can have a problem 
navigating against the wind, especially when pushing empty barges. The prevailing westerly 
winds can help downbound tows approach the lock by pushing them against the upper guidewall, 
but these winds also cause ice accumulation around the upper lock gates. The lock is easily 
approached, and the mooring cell upstream of the lock is in a good location. Lock personnel feel 
that approach conditions for southbound traffic could be improved by placing a guide cell 300 feet 
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a.bove the intermediate wall. However, the cell could be a problem for northbound traffic passing 
tows waiting along the upper dike. A model study would verify optimum approach conditions. 

IJnner Annroach/Downbound: Fly lockages approach point is at RM 523.7. 
Exchange lockages approach point is typically at RM 523.5, with 
tows often waiting on the existing cell. 

I,ower Approach&bound: Fly lockages approach point is at RM 521 .O. 
Exchange lockages approach point is at RM 52 1.6 where tows 
wait along the bank on either side of the river. 

. Measures Under Consideration 

At Lock 13, all small scale measures are currently under consideration, except additional 
recreational craft landings. The following table summarizes the expected cost and time savings by 
name for this site. 

r 
t 

TABLE 3-3: COST AND TIME SAVINGS OF MEASURES AT LOCK 13 

I Time Savings to 
Measure 

kper Boat 
cost 1’ 

1 $640,00O/boat/year 
Waiting Tows 2, 

1 Limited 
Comments 

1 One of best approaches on system, 
virtually no savings possible. 

Twitchboat $1 .13 mil/boat/year US: 19 min. TRBK DBL Remake time savings possible all flows 
w/Guidewall $3.3 to $23.0 mil initial/gw DS: 26 min. TRBK DBL with adequate horsepower. Higher US 
Extension ext guidewall costs are for bank 

excavation. 
>witchboat w/Remote $1.33 mil/boat/year US: 19 min. all DBL Remake time savings possible all flows 

F:emake & 300’ US $3.7 mil initially/moor DS: 26 min. all DBL with adequate horsepower. 
Guidewalls $2.2 to $11.5 mil initial/gw 

t 

ext 2’ 
Industry Self Help $50/hour for fuel US: 13 min. all DBL Remake time savings possible all flows 
w/Moorings or $500k initially/cell DS: 20 min. all DBL with adequate horsepower, except 
Guidewall Ext. GW costs same as above would not back cuts US during outdraft 

without wall ext. 
Tolls and Time $465,000* initially TBD Roughly same cost for all fee measures 
Charges $235,000* annually - includes coordination, setting charge, 

implementation 
F’ublish Lockage $65,000* annually Limited Very difficult to estimate time savings 
Times 
Recreational Craft $520,000* initially Limited Cost includes public meetings, signage, 
Scheduling $35,000* annually and public awareness 
Ret Boat Landings N/A N/A Adequate sites available 
Scheduling Program $550.000* initially Limited Time savings/delay reduction depends 

$35,000* annually on method used 
Flowered Kevels w/Ext US: $23.5 mil initially US: 3 min. TRBK DBL Cost of powered kevel is $750,00O/wall 
Guidewalls DS: $13.9 mil initially DS: 7 min. TRBK DBL 
Flowered Kevels w/Ext US: $23.5 mil initially US: 17 min. TRBK DBL Annual cost increase associated with 
Guidewalls & Addl 

I 

DS: $13.9 mil initially DS: 21 min. TRBK DBL additional personnel 
F’ersonnel Plus $518,000 annually 

per lock 
US: $22.9 mil initially 6 min. TRBK DBL Cost of extending unpowered kevels is 

17 min. TRBK SETOVER $240,000 initially 
Unpowered Kevels 7 min. TRBK KNOCKOUT 
wlExt Guidewalls DS: $13.5 mil initially 6 min. TRBK DBL Cost of unpowered kevels is $360,000 

18 min.TRBK SETOVER initially 
8 min. TRBK KNOCKOUT 
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TABLE 3-3 (Continued) 

TED - To Be Determined 
DBL - Double Lockages 

. Adjacent Moorings 

The existing cell at RM 523.5 allows downbound tows waiting for a lockage to tie off as close as 
possible. The lower approach lacks formal mooring areas (mooring cells, bank anchors, etc.). The 
addition of a mooring around RM 522.0 would bring tows closer to the lock. 

Upper ApproacWDownbound: Could use an additional mooring at RM 525.3 on the left 
descending bank or lock side. 

Lower ApproachKJpbound: A mooring at RM 522.0 would bring tows 0.4 mile closer to the 
lock. However, the lockmaster suggests that a formalized 
mooring is not needed. Another option is to formalize the 
existing waiting area at RM 52 1.6 on the left descending bank by 
placing a mooring in that area. 

. Approach Improvements and GuidewalVGuardwall Extensions 

Upper Lock Approach: The existing approach at Lock 13 is one of the most efficient upper 
approaches on the UMR. No improvements were identified other than extending the guidewall, 
which has an improvement potential of 0 to 1. Guardwalls are not necessary or preferred due to 
the limited amount of outdraft at the site. 

Lower Lock Approach: The existing approach is efticient. No improvements were identified 
other than extending the guidewall which has an improvement potential of 0 to 1 on the 10 scale. 
A trail dike off the end of the riverside lockwall may help downbound tows exit the guidewall. 

. Remote Remake Areas 

The same locations mentioned for adjacent mooring facilities could work for remote remake areas. 
The primary difference would be the use of a combination of cells and spud barges to create a flat 
surface. Potential sites include either side of the channel, due to adequate channel width and 
depth. 
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LJnuer Apm-oacl-&Jnbound: Could use a mooring at approximately RM 523.5 on the left 
descending or right descending bank. 

Lower ApproacWDownbound: Could use a mooring located from RM 522.0 to 521.7 on the left 
descending bank. A second option would be for a mooring on the 
right descending bank along Stamps Island at RM 521.6. 

n Other Site Information 

Helper boats are not typically available at the site, and approach conditions rarely necessitate their 
use. They are expected to provide little or no approach time savings under normal flow 
conditions. However, they could assist tows affected by wind, which can reduce the tow’s ability 
to leave the guidewall. 

A switchboat should be able to pull cuts under all flows to the moorings identified earlier. 

Don’t regularly use scheduling or industry self help due to limited queues. 

Adequate boat landings are available both above and below the lock. Currently recreational 
conflicts are not of concern. In most cases, a recreational lockage is provided after every second 
commercial lockage. 

L&D 74, Le Claire, Iowa 

n Description 

Lock 14 is located on the Iowa shore at RM 493.3 downstream of Le Claire, Iowa, and upstream of 
Hampton, Illinois. The lock has a usable chamber of 110 feet wide and 600 feet long. The site 
includes a 5 17-foot-long upstream guidewall and a 500-foot-long lower guidewall. The lift at flat 
pool is 11 .O feet. In addition, an auxiliary lock 320 feet long by 78 feet wide is located west of the 
main lock. Plates 4 and 5, located in Appendix C, show the site and potential improvements. 

n Approach Conditions/Locations 

The lock location and flow condition require tows to maneuver to reach the lock. Downbound 
tows leave the main channel with its stronger current and angle into the slower moving water 
above the lock. Then they stop, pull the stem eastward to line up with the lock, and continue 
downstream. Upbound tows cross the main channel with its stronger current as they approach the 
lock. Once they cross the main channel, a secondary current pushes them west toward the 
downstream guidewall. This aligns the tow for the lockage. This same current requires 
downbound tows to start turning east after they exit the lock to avoid being pushed aground 
downstream of the lock. There are no waiting areas near the lock for upbound or downbound 
tows. During the site visit, it was mentioned that a mooring cell downstream in the “wide spot” 
just upstream of the Campbell’s Light and Day Mark should be a No. 1 priority. Downbound tows 
would benefit with cells at RM 493.5 and 494.5. The 80-foot by 320-foot auxiliary lock landward 
of the main lock is used mainly on weekends for recreation traffic. This smaller lock outlets the 
environmentally and historically sensitive Old Le Claire Canal which is about 5.5 feet deep. 
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Unner Annroach/Downbound: Fly lockages approach point is at RM 495.0. 
Exchange lockages typically occur at RM 494.6 out in the 
channel. Some tows are able to wait in the pocket at RM 493.7, 
but reduced depth and width from sedimentation requires most 
tows to wait along the Le Claire, Iowa, riverfront at RM 496.7. 

Lower ApnroachRJpbound: Fly lockages approach point is at RM 492.5. 
Exchange lockages normally occur at RM 492.5, but at times 
when conditions or situations dictate, they occur at RM 489.7 
along Dynamite Island. 

. Measures Under Consideration 

At Lock 14, all measures are currently under consideration, except recreational craft landings. The 
following table summarizes the expected cost and time savings by name for this site. 

TABLE 3-4: COST AND TIME SAVINGS OF MEASURES AT LOCK 14 

w/Guidewall 

w/Remote Remake 
& 300’ us 

w/Moorings or 
Guidewall Ext. 

$3.8 mil initially/moor 
$2.2 to $11.2 mil initiallgw ext 3’ 

GW costs same above 

DS: 26 min. TREK DBL 

DS: 26 min. all DBL 

DS: 20 min. all DBL 

with adequate hors 

with adequate horsepower. 

Unpowered Kevels 
WlExt Guidewalls 

3-12 



Section 3 - Site Application of Measures 

TABLE 34 (Continued) 

proximated by one-half cost of 600-foot walls. 

n Adjacent Moorings 

Site conditions both above and below the lock provide the opportunity for significant time savings 
on exchange lockages with the addition of adjacent moorings. Upstream of the lock, an adjacent 
mooring cell in the pocket at RM 493.7 would reduce exchange lockages from 1 to 1.7 miles and 
save 30 to 45 minutes. However, in addition to the cell, considerable dredging would be required. 
Another option would be a site out in the channel around RM 494.5. 

The lower approach would be greatly improved through the addition of a mooring at 
RM 492.5. The lower approach is generally narrow with a rock shelf running along the border of 
the navigation channel. Tows typically begin their approach from Dynamite Island at RM 489.7 
once the entire approach is clear. The addition of the mooring would reduce the exchange distance 
by over 3 miles for the exiting and approaching tow, combined with the potential for savings of 
over 1 hour. A customer survey of the navigation industry highlighted that the two most needed/ 
desired improvements were construction of mooring cells below the lock at RM 492.5 and 
dredging to open up the pocket upstream of the lock. 

Unuer AnnroacWDownbound: Could use an additional mooring at RM 493.7 on the right 
descending bank. Second option would be a mooring in the 
channel around RM 494.5. 

Lower Apuroach.KJpbound: A mooring cell at RM 492.5 on the left descending side of the 
channel in the wide spot in the channel would provide significant 
benefits. 
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m Approach Improvements and GuidewalVGuardwall Extensions 

The bend in the river at Lock 14 reduces the ability of tows to easily approach the lock. 

Upper Lock Approach: The channel improvement is the dredging of the area above the lock 
shown on plate 4, including the silted-in pocket area above the lock from the guidewall extended 
to the rock breakwater and riverward of the breakwater. Tows used to wait in this pocket above 
the lock before it was silted in, but now tows must wait near the I-80 Bridge. This channel work 
alone has an estimated time savings potential of 3 to 5 on the 10 scale. The guidewall extension 
has an estimated time savings potential of 0 to 1. 

Plate 5 includes an expanded channel excavation and realignment above the lock to 
encompass an expanded cross-hatched area. This alignment extends into the Le Claire Canal, 
causing severe impacts to this sensitive area. The purpose in identifying this improved channel is 
to estimate the incremental attendant time savings to navigation. As the table shows, with this 
expanded channel relocation, the estimated improvement potential goes from 3 to 5 for dredging 
the pocket area, to 4 to 6 for the expanded realignment. With an L2 guardwall and removal of the 
existing guidewall, the improvement factor goes from 8 to 10 with the expanded realignment. 
However, significant additional impacts are associated with this measure. 

Lower Lock Approach: The channel improvement is a trail dike from the end of the riverward 
lockwall and some dredging below the extended guidewall for access to the auxiliary (recreation 
traffic) lock. These improvements have an estimated time improvement factor of 0 to 1. The 
extended guidewall has an estimated improvement factor of 2 to 3. Together these improvements 
have an improvement factor of 3 to 4. An additional benefit of an extended guidewall is that it 
could provide a secure fleeting area for the Corps fleet. 

. Remote Remake Areas 

The same locations mentioned for adjacent mooring facilities could work for remote remake areas. 
The primary difference would be the use of spud barges and cells to create a flat surface. 

Upper Approach/&bound: Could use a remake area at RM 493.7 on the right descending 
bank. A second option would be a remake area at RM 494.5 on 
the right descending bank. A site out in the channel at RM 494.5 
could also be considered, but has greater safety concerns. 

Lower ApproachDownbound: Potential remake area at RM 492.5 on the left descending side of 
the channel in the wide spot in the channel. 

. Other Site Information 

Outdraft conditions are present approximately 30 percent of the navigation season, but helper 
boats are not typically available at the site. However, they could provide an estimated time 
savings of 5 to 30 minutes on downbound approaches, depending on the conditions. They could 
also provide significant benefits to downbound tows that often experience difficulty in getting the 
head of the tow off the lower wall due to currents, eddies, and wind which can pin them to the 
wall. Assistance in exiting the wall could save 5 to 15 minutes on average and over 30 minutes in 
more extreme conditions. 

3-14 



Section 3 - Site Application of Measures 

The lockmaster estimated that a 1,500-horsepower switchboat should be able to take cuts to 
remote moorings under virtually all flows. However, an industry line haul boat would be 
preferred. Subsequent discussions with the U.S. Coast Guard and navigation industry lead to 
increasing the size of switchboats to 1,800 to 2,400 horsepower to allow a greater margin for 
safety. 

A 3-up/3-down scheduling policy is used regularly at the site and is activated by the presence of 5 
or more tows waiting to lock. However, queues rarely require the use of industry self help. 

The auxiliary recreation lock at the site virtually eliminates recreational conflicts. Although the 
lock does not remain open at all times, it is available from 4:00 p.m. to midnight on Fridays and 
8:00 a.m. to midnight on Saturdays and Sundays from Memorial Day to Labor Day. This schedule 
allows for the processing of the majority of recreational traffic. However, if significant 
recreational traffic growth were to occur, expanded hours could be implemented. 

L&D 75, Rock Island, Illinois 

n Description 

Lock 15 is located along Arsenal Island on the Illinois shore at RM 482.9 between Rock Island, 
Illinois, and Davenport, Iowa. The lock has a usable chamber of 110 feet wide and 600 feet long. 
The site includes a 533.5-foot upstream guidewall and a 7 1 &foot lower guidewall. The maximum 
lift is 16.0 feet. A 1 lo-foot wide by 360-foot-long auxiliary lock sits adjacent to the main 
chamber. Plate 6, located in Appendix C, shows the site and potential improvements. 

. Approach Conditions/Locations 

From the initial screening site visit it was found that outdraft can be severe at this site. The reach 
of river from Lock 15 to Lock 14 can be one of the most congested areas on the Upper Mississippi 
River. Outdraft conditions are present approximately 20 percent of the navigation season. 
Presently, tows are pushed away from the downstream guidewall by eddy currents and Sylvan 
Slough currents. Options for proposed new mooring facilities and remake areas are limited by the 
existing urban development in the area and site geography. 

Upper Approach/Downbound: Fly and exchange lockage approach points are at RM 483.4 at the 
Lock 15 Daymark. 

Lower Approach/Unbound: Fly and exchange lockage approach points are at RM 482.3 near 
the Casino Rock Island. However, tows wait at RM 480.5. 

Switchboats are not usable below the lock since no potential remake areas exist. Adequate boat 
landings are already available. 

n Measures Under Consideration 

At Lock 15, most measures are currently under consideration. While an upstream guidewall 
extension is not recommended, there would be opportunities to use a combination of cells and 
DeLong Piers to allow helper boats to extract cuts. Table 3-5 summarizes the expected cost and 
time savings for this site related to the following measures: 
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TABLE 3-5: COST AND TIME SAVINGS OF MEASURES AT LOCK 15 

w/Guidewall 

Remake & 300’ US 
Guidewalls 

$3.3 to $23.4 mil initial/gw DS: 25 min. TRBK DBL 

$3.8 mil initially/moor DS: 25 min. TRBK DBL time savings for DS on Turnback Doubles 
$2.2 to $11.7 mil initial/gw only. May be difficult to extend US wall, 

DS: 19 min. TRBK DBL 

Guidewalls & Addl Ius $518,000 annually additional personnel 

26 min.TRBK SETOVER 

2 Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 
2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. 
Time savings shown are for tows waiting in queue. The actual tow may experience smaller savings, since in some cases the same operations are 
performed, only the location is moved. 
2’ Costs of 300-foot wall extensions approximated by one-half cost of 600-foot US wall 
i ’ Includes impacts to navigation during constructron. 

+ Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
** Some options provide potentially greater time savings but at a high cost to the navigation industry due to delays and closures during construction. 
*** An additional cost of $450,000 is anticipated for a model study to verify the site-specific optimum approach improvements. 
US - Upstream TRBK - Turnback Lockages Only 
DS - Downstream DBL - Double Lockages 
TBD -To Se Determined 
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. Adjacent Moorings 

Currently tows are able to wait at various sites upstream of the lock along Arsenal Island and the 
Iowa shore. The construction of new mooring cells or bank anchors would not be able to bring 
tows significantly closer than the areas where they currently wait; however, it would provide 
formal mooring locations which are currently lacking. Below the lock, the only available location 
is at the outlet of the Sylvan Slough where some tows currently wait. Additional benefits could be 
gained with the addition of another mooring, but river uses along the Rock Island and Davenport 
riverfronts limit options. 

Upper Approach/Downbound: Could use mooring cells at RM 483.8 on the left descending bank. 
A second option would be a mooring on the right descending bank 
along the Iowa shore at RM 484.7. 

Lower Approach/Unbound: Could use a cell at RM 482.6 on the left descending bank. 
Otherwise, no site closer than RM 480.5 was identified, but this 
site could also use a mooring cell. 

. Approach Improvements and Guidewall/Guardwall Extensions 

Upper Lock Approach: The channel improvement is the addition of five submerged dikes above 
the lock to reduce the outdraft. This alone provides an improvement of 5 to 6 on the 10 scale and 
may eliminate the need for helper boat assistance. The submerged dikes should also reduce ice 
interference with the approach. At this site, there are concerns with guidewall or guardwall 
extensions blocking access to the bay area. The guidewall extension could be a combination of the 
wall extended short of 1,200 feet, along with a pivot cell above the shortened extension or 2 pivot 
cells, as shown on plate 6. This would maintain water access to the harbor area landward of the 
lock. An L2 or L3 guardwall alone are not recommended. Again, as common to most sites, the 
best improvement is a combination of channel improvement and an L2 guardwall. An additional 
improvement would be to take the comer off the island above the lock, which would allow for a 
straight approach and less outdraft impacts. 

Lower Lock Approach: The channel improvement is the addition of a deflection dike at the outlet 
of Sylvan Slough and a trail dike off the end of the auxiliary lock riverwall. This should reduce 
Sylvan Slough high outflows impacting both upbound and downbound traffic and dam flows 
pinning exit tows on the guidewall. A combination of guidewall extension and these channel 
improvements gives an estimated improvement of 3 to 5 on the 10 scale. Currently the site has a 
718-foot lower guidewall. 

n Remote Remake Areas 

The same general locations mentioned for adjacent mooring facilities above the lock could work 
for remote remake areas. The primary difference would be the use of a combination of cells and 
spud barges to create a flat surface. However, since multiple sites are available upstream, a site 
that would not impact the closest approach mooring facility would be preferred. This would allow 
downbound tows to wait near the lock and make exchange lockages even if an upbound tow were 
using the remake area. 
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Upper ApproachKJpbound: Could use a remake area located at approximately RM 484.0 on 
the left descending bank. A second option would be a mooring on 
the right descending bank along the Iowa shore at approximately 
RM484.7. 

Lower ApproachDownbound: No remote remake area was identified; however, the existing 7 18- 
foot guidewall or an extended guidewall could be used for 
remakes. 

n Other Site Information 

Helper boats are typically available at the site; however, their greatest use occurs during high 
water periods in the spring and fall. They are currently used by 20 to 25 percent of tows. 

At this site, scheduling and industry self help are not regularly used. 

The 360-foot auxiliary lock next to the main chamber eliminates recreational conflicts. Unlike the 
auxiliary lock at Lock 14, this auxiliary lock is open at all times. 

L&D 16, Muscatine, Iowa 

n Description 

Lock 16 is located along the Illinois shore at RM 457.2 near Muscatine, Iowa. The lock has a 
usable chamber 110 feet wide and 600 feet long. The site includes a 5 17-foot upstream guidewall 
and a 500-foot lower guidewall. The maximum pool lift is 9.0 feet. Plate 7, located in Appendix 
C, shows the site and potential improvements described below. 

. Approach Conditions/Locations 

Due to required maneuvering, downbound traffic can take an hour or so longer to get to the lock 
than it takes to lock through. The traffic crosses the current and heads to the upper lock gate. 
Then tows stop, back up toward the wing dike above the lock at RM 457.7 to align better with the 
lock, and then enter the lock. The wing dike reduces the current and makes it easier to enter the 
lock. When leaving the lock, some downbound tows start turning before they clear the lock and 
have damaged the lower miter gate by brushing them. This may occur because tows must cross 
toward the Iowa side of the river to align with the channel span of the Muscatine highway bridge 
about a mile downstream. During recent rehabilitation work, it was noted that closing the first two 
tainter gates caused an eddy current which pulled tows off the guidewall. Outdraft conditions are 
present at the site approximately 25 percent of the time. 

Channel realignment provides significant benefits upstream of the lock by improving the 
locking efficiency at this site. This pertains to most small scale improvements. 

Upper Anproach/Downbound: Fly lockages approach point is at RM 458.6. 
Exchange lockages typically occur at RM 457.5 with most tows 
waiting in the pocket. Otherwise, exchange occurs in the channel 
around RM 458.0. 
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Lower AnproachNpbound: Fly lockages approach point is at RM 455.9. 
Exchange lockages vary based on conditions. Higher flows and 
poor conditions force exchange lockages to occur below the 
bridge at Rh4 455.5. Otherwise, they can exchange with the 
approaching tow while waiting along the bank at Rh4 456.8. 

n Measures Under Consideration 

At Lock 16, all measures are currently under consideration. Table 3-6 summarizes the expected 
cost and time savings by measure for this site. 

TABLE 3-6: COST AND TIME SAVINGS OF MEASURES AT LOCK I6 

time savings possible 

Tolls and Time Charges 

Guidewalls & Addl 
Personnel 

DS: $13.6 mil initially 
Plus $518,000 annu 

DS: 21 min. TRBKI DBL 
ual cost increase assoctate 

Unpowered Kevels 
W/Ext Guidewalls 

1 31 min.TRBK SETOVER I 
8 min. TRBK KNOCKOUT 8 min. TRBK KNOCKOUT 

Permanent Deck Winches Permanent Deck Winches $4,0001barge initially $4,0001barge initially 4 min. all DBL 4 min. all DBL System cost TBD 
Additional Personnel Additional Personnel $1,20O/dayllock $1,20O/dayllock 3 min. all DBL 3 min. all DBL Implement during lock congestion periods 
Powered Ratchet Wrench Powered Ratchet Wrench $7,50O/unit initially ~ $7,50O/unit initially 51 5 min. all DBL One unit per DBL tow 
Approach Improvem-. .._ Approach Improvements $12.8 mil to 42.5 5’ mil Less than 1 min. to 7 min. Channel shift with individual options detailed in 
Various Options: Various Options: initially**’ Section 4’* 
1’ Costs listed in this table provide, 1’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 

z/Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. Time savings shown 
are for tows waiting in queue The actual tow may experience smaller savings, since in some cases the same operations are performed, only the location IS moved 
3’ Costs of 300.foot wall extensions approximated by one-half cost of 600.foot US wall 
*’ Includes impacts to navigation during construction. 

f Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
** Some options provide potentially greater time savings but at a high cost to the navigation industry due to delays and closures during construction. 
*** An additional cost of $450,000 is anticipated for a model study to verify the site-specific optimum approach improvements. 
US - Upstream TREK - Turnback Lockages Only 
DS - Downstream DEL-Double Lockages 
TBD -To Be Determined 
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. Adjacent Moorings 

The addition of upstream adjacent moorings is not likely to allow tows to approach any closer to 
the lock. However, the sites currently being used by tows lack formal moorings. Along the lower 
approach, a cell at RM 456.8 could allow some additional tows to approach closer to the locks. 

Upper Approach/Downbound: Tows can wait in the pocket at RM 457.9 on the left descending 
bank. Second option would be a mooring on the right descending 
bank at F&I 458.6. 

Lower Approach/Unbound: Could provide a mooring at RM 456.8. While used on occasion, 
this site currently lacks a mooring cell. A mooring at RM 456.2 
would bring the next waiting location 0.7 mile closer to the lock. 

. Approach Improvements 

Unper Lock Approach: The maximum channel improvement is a potential realignment of the 
channel above the lock to accommodate a guardwall at L2. This is shown on plate 7 in Appendix 
C. It was noted that a further shift in this alignment to the Illinois side of the river (Drury Slough) 
could be a lesser cost realignment since this would put the relocated channel in alignment with an 
earlier channel. A guardwall is not recommended without the channel realignment. 

Lower Lock Approach: The channel improvement is a trail dike off the end of the riverward 
lockwall to help direct flow from the lower guidewall. This should help downbound tows with the 
starboard exit they make to approach the channel span of the highway bridge about a half mile 
below the lock. The combination of the guidewall extended with the trail dike has a potential 
improvement of 3 to 4 on the 10 scale. 

n Remote Remake Areas 

The same locations mentioned for adjacent mooring facilities could work for remote remake areas. 
The primary difference would be the use of a combination of cells and spud barges to create a flat 
surface. However, approach channel improvements are likely to eliminate the ability of tows to 
wait in the pocket or remake. 

Upper ApproachKJpbound: Tows can wait in the pocket at RM 457.7 on the left descending 
bank. Second option would be a mooring on the right descending 
bank at RM 457.9. 

Lower Approach/Downbound: Could provide a remake area at RM 456.7; preferred location 
would be at RM 456.3 to allow for an adjacent mooring near the 
lock in addition to the remake area. 

. Other Site Information 

A harbor service located in Muscatine provides helper boats (750-850 horsepower) on an on-call 
basis. Helper boat assistance is provided for downbound approaches primarily under more severe 
outdraft conditions. Approximately 20 percent of tows utilize helper boat assistance on 
approaches, saving an estimated 15 to 30 minutes for larger, double lockage tows. 
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Scheduling is used on a limited basis, two to three times per year, typically to clear a queue 
formed following lock maintenance or breakdown. Industry self help has not been regularly used. 
The lockmaster was only aware of three uses in the past 9 years. 

The lockmaster estimated that a 1,500- to 1,800-horsepower switchboat should be able to take cuts 
under virtuaIly all conditions to identified remake areas. Subsequent discussion with the U.S. 
Coast Guard and navigation industry lead to increasing the size of switchboats to 1,800 to 2,400 
horsepower to allow a greater margin of safety. 

Would like a cell 50 to 100 feet above the extended intermediate wall. 

Recreational traffic is not causing significant delays, and adequate recreational facilities are 
present. One potential site for an additional recreational facility would be above the lock on the 
Illinois side, where currently the nearest site is approximately 10 river miles upstream. The 
placement of a cell above the upper bullnose would improve alignment for downbound tows. This 
would also provide protection for the upper gates. 

Placing riprap along the bank in the pocket area at RM 457.9 would help stabilize this riverbank 
where tows wait. 

L&D 77, New Boston, Illinois 

n Description 

Lock 17 is located at RM 437.1 on the Illinois shore approximately 4 miles upstream of New 
Boston, Illinois. The lock has a usable chamber 110 feet wide and 600 feet long. The site includes 
a 5 17-foot upstream guidewall and a 500-foot lower guidewall. The maximum pool lift is 8.0 feet. 

. Approach Conditions/Locations 

During the initial site screening visit, it was reported that usually there is an outdraft requiring 
downbound traffic to flank their approach to the lock. More major outdraft occurs when the 
tailwater reaches 7 or 8 feet, which occurs approximately 35 percent of the navigation season. 

Upper Anproach/Downbound: Fly lockages approach point is at RM 438.7. 
Exchange lockages typically occur at RM 437.4, with most tows 
waiting along the bank. 

Lower AnproachlUpbound: Fly lockages approach point is at RM 436.0. 
Exchange lockages typically occur around RM 436.5. Although 
no mooring cell is available, tows wait along both banks. 

. Measures Under Consideration 

At Lock 17, all measures are currently under consideration. The following table summarizes the 
expected cost and time savings by measure for this site. 
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TABLE 3-7: COST AND TIME SAVINGS OF MEASURES AT LOCK 17 

Time Savings to 
Measure cost 1’ Waiting Tows 2’ Comments 

Helper Boat $640,00O/boaffyear Some incremental approach Approach time savings is limited to those 
time savings possible tows not currently being assisted. Most 

tows are currently unassisted. 
Switchboat $1 .I 3 mil/boat/year US: 21 min. TRBK DBL Remake time savings possible all flows 
w/Guidewall $3.3 to $23.8 mil DS: 28 min. TRBK DBL with adequate horsepower. Higher US 
Extension initiallgw ext guidewall costs are for bank excavation. 

Switchboat w/Remote $1.33 millboatiyear US: 21 min. all DBL Remake time savings possible all flows 
Remake & 300’ US $3.7 mil initially/moor DS: 28 min. all DBL with adequate horsepower. 
Guidewalls $2.2 to $11.9 mil 

initial/gw ext 2’ 
Industry Self Help $50/hour for fuel US: 15 min. all DBL Remake time savings possible all flows 
w/Moorings or $500k initially/cell DS: 22 min. all DBL with adequate horsepower, except would 
Guidewall Ext. GW costs same above not back cuts US during outdraft without 

wall ext. 
Tolls and Time $465,000* initially TBD Roughly same cost for all fee measures - 
Charges $235,000* annually includes coordination, setting charge, 

implementation. 
Publish Lockage $65,000* annually Limited Very difficult to estimate time savings 
Times 
Recreational Craft $520,000* initially Limited Cost includes public meetings, signage, 
Scheduling $35,000* annually and public awareness 
Ret Boat Landings $270,000 initially Limited Only considering developing site upstream 

$12,500 annually of the lock on IL side 

Scheduling Program $550,000* initially Limited Time savings/delay reduction depends on 
$35,000* annually method used 

Powered Kevels w/Ext US: $24.3 mil initially US: 6 min. TRBK DBL Cost of powered kevel is $750,00O/wall 
Guidewalls DS: $17.5 mil initially DS: 8 min. TRBK DBL 
Powered Kevels w/Ext US: $24.4 mil initially US: 20 min. TRBK DBL Annual cost increase associated with 
Guidewalls & Addl DS: $17.6 mil initially DS: 22 min. TRBK DBL additional personnel 
Personnel Plus $518,000 annually 

per lock 
US: $23.8 mil initially 6 min. TRBK DBL Cost of extending unpowered kevels is 

20 min. TRBK SETOVER $240,000 initially 
Unpowered Kevels 7 min. TRBK KNOCKOUT 
WlExt Guidewalls DS: $17.1 initially 6 min. TRBK DBL Cost of unpowered kevels is $360,000 

27 min.TRBK SETOVER initially 

Permanent Deck 
Winches 
Additional Personnel 
Powered Ratchet 

$4,00O/barge initially 

$1,20O/day/lock 
$7,50O/unit initially 

6 min. TRBK KNOCKOUT 
4 min. all DBL 

3 min. all DBL 
5 min. all DBL 

System cost TBD 

Implement during lock congestion periods 
One unit per DBL tow 

Wrench 
Approach 
Improvements 
Various Options: 

$3 mil to $30.9 3’ mil 
initially*** 

1 min. to 8 min. Individual options detailed in Section 4** 

1’ Costs listed in this table provide an indication of the total cost for the measure: however, Section 4 provides additional detail and 
clarification. 
2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several 
combinations are possible. Time savings shown are for tows waiting in queue. The actual tow may experience smaller savings, 
since in some cases the same operations are performed, only the location is moved. 
2’ Costs of 300-foot wall extensions approximated by one-half cost of 600-foot US wall. 
4’ Includes impacts to navigation during construction. 
* Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
** Some options provide potentially greater time savings but at a high cost to the navigation industry due to delays and closures 
during construction. 
*** An additional cost of $450,000 is anticipated for a model study to verify the site-specific optimum approach improvements. 
US - Upstream TRBK - Turnback Lockages Only 
DS - Downstream DBL - Double Lockages 
TBD -To Be Determined 
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. Adjacent Moorings 

Currently tows wait at RM 437.4 along the left descending bank. The addition of adjacent 
moorings is not likely to allow tows to approach any closer to the lock. However, the other sites 
currently being used by tows lack formal moorings. In particular, a series of two or three cells in 
the pocket above the lock would provide tows formal areas to wait and reduce the potential for 
damage to the levee. These cells could also be used for remaking tows during periods of self help. 

Unner AnnroacWDownbound: Could place multiple mooring cells along the left descending bank 
from RM 437.4-437.8. 

Lower Approach/Unbound: A preferred mooring location would be at FWI 436.5 on the right 
descending side, but other options are available immediately 
downstream on either bank. 

n Approach Improvements 

Potential for approach channel improvements to impact mooring/remake areas immediately above 
the lock, but some area would remain. 

Upper Lock Approach: Channel improvements include the addition of five wing dikes above the 
lock and shortening of two dikes on the right descending bank to open up the flow area. The 
improvement potential with the dikes in place and the guidewall extended is 4 to 5 as discussed in 
Section 4. An L3 guardwall without channel improvement is estimated at a 4 to 5 improvement. 
The most effective improvement, estimated at a 9 to 10, is an L2 guardwall with removal of the 
existing guidewall and no dike field above the lock. 

Lower Lock Approach: The recommended channel improvement is the excavation of the 
riverbank below the lock for a better exit/entrance to the lock chamber. This alone is an 
improvement, and with the guidewall extended is estimated at a 4 to 5 betterment on the 0 to 10 
scale. 

. Remote Remake Areas 

The same general locations mentioned for adjacent mooring facilities could work for remote 
remake areas. The primary difference would be the use of a combination of cells and spud barges 
to create a flat surface. Since multiple sites are available both upstream and downstream for 
mooring areas and remake sites, a remake area not impacting the approach of exchange lockages 
or the closest waiting area would be preferred. As a result, sites just beyond the closest adjacent 
mooring site would be recommended to maximize efficiency. The addition of remake areas woulc 
also provide additional protection for the levee by keeping tows away from the bank. 

Upper Approach/Unbound: Remake areas could be located upstream of the lock along the left 
descending bank at RM 437.8. 

Lower ApnroacWDownbound: Remake areas could be located downstream of the lock on either 
bank from RM 436.5 to 436.0. 
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9 Other Site Information 

A helper boat is rarely available at Lock 17. On the average, only about 1 percent of downbound 
approaches use assistance. However, time savings and increased safety would be possible at other 
times if a helper boat were available. 

Winds greater than 10 mph can also cause problems for tows exiting the locks with empty barges. 

Scheduling is used on occasion, while industry self help is rarely used. However, industry self 
help can provide significant benefits during periods of traffic congestion. 

The lockmaster estimated that a 1 ,OOO-horsepower or larger switchboat should be able to pull cuts 
under virtually all conditions to identified remake areas. Subsequent discussion with the U.S. 
Coast Guard and navigation industry lead to increasing the size of switchboats to 1,800 to 2,400 
horsepower to allow a greater margin of safety. 

Currently there are no significant conflicts with recreational craft. However, an additional site 
above the lock on the Illinois side may provide some benefit, with the nearest available site 
approximately 10 river miles upstream. 

This is typically one of the first locks to go out of operation in the Rock Island District due to 
flooding. 

L&D 18, Gladstone, Illinois 

. Description 

Lock 18 is located at RM 410.5 on the Illinois shore near Gladstone, Illinois, approximately 6.5 
miles upstream of Burlington, Iowa. The lock has a usable chamber 110 feet wide and 600 feet 
long. The site includes a 5 17-foot upstream guidewall and a 500-foot lower guidewall. The 
maximum pool lift is 9.8 feet. Plate 9, located in Appendix C, shows the site and location of 
proposed measures. 

. Approach Conditions/Locations 

An initial site visit to Lock and Dam 18 revealed that approach conditions to the existing lock are 
good. Tows make a zigzag approach/exit upstream of the lock, but the maneuvering required 
could be considered relatively insignificant compared to other sites. Outdraft conditions, which 
are present approximately 25 percent of the year, are not a problem at this site, although wind 
affects tows in their upstream approach to the lock. 

Unner ApnroachDownbound: Fly lockages approach point is generally recorded at RM 4 11.5. 
Exchange lockages vary from RM 411 .O to RM 411.7 to 418.2 
depending on the timing of the tows exchanging. While waiting 
areas are available near the lock, tows are unable to pass from 
I-M 412 to 416. 

Lower Approach/Unbound: Fly lockages approach point is at RM 409.6. 
Exchange lockages typically occur around RM 409.0. Although 
no mooring is available, two to three tows can wait along Otter 
Island. 
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. Measures Under Consideration 

At Lock 18, most measures are currently under consideration. However, no additional recreational 
landings are needed. The following table summarizes the expected cost and time savings for this 
site related to the following measures. 

TABLE 3-8: COST AND TIME SAVINGS OF MEASURES AT LOCK 18 

Time Savings to 
Measure cost 3 Waiting Tows 2’ Comments 

Helper Boat $640,0001boat/year Some incremental Approach time savings is limited to 
approach time savings those tows not currently being assisted. 
possible Likely to happen without project. 

Switchboat $1.13 millboat/year US: 21 min. TRBK DBL Remake time savings possible all flows 

w/Guidewall $3.2 to $22.5 mil initial/gw DS: 28 min. TRBK DBL with adequate horsepower. 
Extension ext 
Switchboat w/Remote $1.33 millboat/year US: 21 min. all DBL Remake time savings possible all flows 
Remake & 300’ US $3.7 mil initially/moor DS: 28 min. all DBL with adequate horsepower. 
Guidewalls $$;,to $11.2 mil initial/gw 

Industry Self Help $50/hour for fuel US: 15 min. all DBL Remake time savings possible all flows 
w/Moorings or $500k initially/cell DS: 22 min. all DBL with adequate horsepower, except 
Guidewall Ext. GW costs same above would not back cuts US during outdraft 

without wall ext. 
Tolls and Time $465,000* initially TBD Roughly same cost for all fee measures 
Charges $235,000* annually - includes coordination, setting charge, 

implementation 
Publish Lockage $65,000* annually Limited Very difficult to estimate time savings 
Times 
Recreational Craft $520,000* initially Limited Cost includes public meetings, signage, 
Scheduling $35,000* annually and public awareness 
Ret Boat Landings N/A N/A Adequate sites available 
Scheduling Program $550,000’ initially Limited Time savings/delay reduction depends 

$35,000* annually on method used 
Powered Kevels US: $23.0 mil initially US: 5 min. TRBK DBL Cost of powered kevel is $750,00O/wall 
w/Ext Guidewalls DS: $14.0 mil initially DS: 8 min. TRBK DBL 
Powered Kevels US: $23.0 mil initially US: 19 min. TRBK DBL Annual cost increase associated with 
w/Ext Guidewalls & DS: $14.1 mil initially DS: 22 min. TRBK DBL additional personnel 
Addl Personnel Plus $518,000 annually 

per lock 
US: $22.4 mil initially 6 min. TRBK DBL Cost of extending unpowered kevels is 

20 min. TRBK SETOVER $240,000 initially 
Unpowered Kevels 7 min. TRBK KNOCKOUT 
WlExt Guidewalls DS: $13.7 mil initially 6 min. TRBK DBL Cost of unpowered kevels is $360,000 

22 min.TRBK SETOVER initially 
8 min. TRBK KNOCKOUT 

DS Mooring RM $50,000 initially 9 min. UB EXCH APRCH Right channel 
409.7 
Permanent Deck $4,0001barge initially 4 min. all DBL System cost TBD 
Winches 
Additional Personnel $1,20O/day/lock 3 min. all DBL Implement during lock congestion 

periods 
Powered Ratchet $7,50O/unit initially 5 min. all DBL One unit per DBL tow 
Wrench 
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TABLE 3-8 (Continued) 

Measure 
Approach 
Improvements: Ext 
Guidewalls and 

cost 1’ 
$200,000 to $22.4 mil 
initially** 

Time Savings to 
Waiting Tows 2’ 

1 min. to 5 min. 
Comments 

Details in Section 4 

I’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and 
clarification. 
?’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are 
possible. Time savings shown are for tows waiting in queue. The actual tow may experience smaller savings, since in some cases the 
same operations are performed, only the location IS moved. 
? Costs of 300-foot wall extensions approximated by one-half cost of 600-foot US wall. 

* Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
** An additional cost of $450,000 is anticipated for a model study to verify the site-specific optimum approach improvements. 
US - Upstream TREK - Turnback Lockages Only 
DS - Downstream DEL - Double Lockages 
TED -To Be Determined 

n Adjacent Moorings 

On the upper approach, the addition of a mooring is not likely to allow tows to get any closer to 
the lock. However, the floating mooring buoy located at RM 411.6 often flips over and is 
unavailable for use by tows waiting to lock. 

Developing a mooring in the channel around RM 409.7 would allow tows to approach closer 
to the lock and reduce exchange lockage times. 

Upper Approach/Downbound: Could replace the existing floating mooring buoy with a cell on 
the left descending bank at RM 411.6, and a cell or bank anchor 
could be added for tows waiting in the pocket at RM 411 .O on the 
left descending bank. 

Lower Approach/&bound: A preferred mooring location would be in the channel at 
RM 409.7. 

n Approach Improvements 

Upper Lock Approach: It was noted that the stretch of channel above the lock is one of the most 
dredged areas in the Rock Island District. Since 1990, there has been ongoing work on existing 
dikes and new dikes added. In 1990, a common waiting spot for tows was at Oquawka, Illinois. 
Dredging is needed between Oquawka and the upper approach to restore the channel width and 
increase traffic efficiency through this area. Plate 9 in Appendix C shows a sufficient width of 
deep water with only a little dredging needed just above the lock to shift the sailing line east and 
allow a straighter approach to the lock. The potential improvement is estimated at 1 to 2 on the IO 
scale. The guidewall extension alone is 2 to 3. Together the improvement is estimated at 3 to 5. 
A guardwall is not considered applicable at this site as a time saver. A model study will identify 
the optimum approach improvements and may, in fact, identify a time savings with a lock 
guardwall. 

Lower Lock Approach: There are no identified channel improvements for the lower approach. 
The extended guidewall is estimated at a 2 to 3 improvement. 
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n Remote Remake Areas 

The same general locations mentioned for adjacent mooring facilities could work for remote 
remake areas. The primary difference would be the use of a combination of cells and spud barges 
to create a flat surface. 

Upper Approach/Upbound: Remake areas could replace the floating mooring buoy on the left 
descending bank at RM 411.6 or use an adjacent site closer to the 
lockatRM411.3. 

Lower ApproacWDownbound: Remake areas could be located in the channel at Rh4 409.7; the 
next potential site would be on the right descending bank at 
RM 409.0 along Otter Island. 

. Other Site Information 

Currently a helper boat is available at Lock 18. On the average, only about 80 percent of 
downbound approaches use assistance during high waters. During these times, they are saving an 
estimated 20 to 30 minutes per assistance. However, under normal/lower flows, a time savings of 
approximately 15 minutes would be possible if a helper boat were used. 

Scheduling is used on occasion, while industry self help is only used about 1 to 2 times per year. 

If switchboats were used to pull cuts at the site, approximately a 2,000-horsepower boat would be 
needed above the lock and a 1 ,OOO-horsepower boat below. However, the lockmaster would not 
recommend backing cuts during higher flows that are present approximately 25 percent of the year 
on average. Subsequent discussion with the U.S. Coast Guard and navigation industry lead to 
increasing the size of switchboats to 1,800 to 2,400 horsepower to allow a greater margin of 
safety. 

Some conflicts with recreational craft are occurring. However, recreational boat landings are 
available immediately downstream of the lock and within approximately 5 miles upstream. 

L&D 19, Keokuk, Iowa 

. Description 

Lock 19 is located at RM 364.2 along the Iowa shore at Keokuk, Iowa. The lock has a usable 
chamber 110 feet wide by 1,200 feet long. No usable upper or lower approach wall of significant 
length is available, but the lower wall extends 480 feet at a skew. The maximum lift at the site is 
38.2 feet. The dam is owned and operated by the Union Electric Company and contains a 
hydropower facility adjacent to the upper lock approach. Plates 10 and 11 in Appendix C 
highlight the existing site’s potential improvements. 

. Approach Conditions 

There is an existing 1,200-foot lock at this site. Outdraft conditions significantly affecting 
approaches occur during approximately 25 percent of the navigation season. The intake structure 
for the hydropower facility is located near the upper lockwalls and constrains the type of options 
to be considered. WES previously completed a model study addressing potential small scale 
improvements for the approach area above the 1,200-foot lock. 
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Upper Approach/Downbound: Fly lockages approach point is generally at RM 367 when tows 
call in. Exchange lockages point typically occurs at RM 
365.0, with the waiting tow tied off to the existing cells. 

Lower ADproachRJpbound: Fly lockages approach point is at RM 361.5. 
Exchange lockages point typically occurs at RM 363.0, otherwise 
tows wait at RM 361.7 to 362.0 but have cells at 363.6. Many 
tows do not like to wait in this location. 

n Measures Under Consideration 

At Lock 19, only a few measures are currently under consideration. The presence of a 1,200-foot 
chamber precludes the need to look at remake options such as switchboats and self help. In 
addition, adequate boat landings are available near the lock facility. Table 3-9 summarizes the 
expected cost and time savings by measure for this site. 

I TABLE 3-9: COST AND TIME SAVINGS OF MEASURES AT LOCK 19 

Time Savings to 
Measure cost 1’ Waiting Tows 2’ Comments 

Helper Boat $640,00O/boaffyear Some incremental Approach time savings is limited to those tows 
approach time savings not currently being assisted. Likely to happen 
possible without project. 

Switchboat N/A N/A Tows able to lock as singles 
Industry Self Help N/A N/A Tows able to lock as singles 
Tolls and Time $465,000* initially No significant reduction Not likely to be needed at this site in early 
Charges $235,000* annually likely at this site years of study period 
Publish Lockage $65,000* annually Limited Very difficult to estimate time savings 
Times I 
Recreational Craft $520,000* initially Limited 1 Cost includes public meetin! gs., signage, and 
Scheduling $35,000* annually public awareness 
Ret Boat Landing 
.Scheriillino Prnnrnm 1 $550 000* initial1 

a ~ 1 N/A 1 Adequate sites available 
_______._.._. .-_-... , __--,_-- ~. IY 1 Limited 1 Time savings/delay reduction depends on 

. Adjacent Moorings 

Approach 
( $35,000* annually ) method used 
1 $4.1 mil to $13.7 mil 1 1 min. to 5 min. ) Individual options detailed in Section 4’* 

Improvements 
Various Options: 

initially*** 

1’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 
2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. 
Time savings shown are for tows waiting in queue. The actual tow may experience smaller savings, since in some cases the same operations are 
performed, only the location is moved. 

’ * Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
l * Some options provide potentially greater time savings but at a high cost to the navigation industry due to delays and closures during construction. 
l ** An additional cost of $450,000 is anticipated for a model study to verify the site-specific optimum approach improvements. 
US - Upstream TRBK - Turnback Lockages Only 
DS - Downstream DBL - Double Lockages 
TBD -To Be Determined 

While a couple cells are currently available for downbound tows to wait along RM 365.0, 
additional cells at RM 365.5 would provide additional waiting areas, which are currently lacking. 
However, no additional time savings is estimated to occur. 

At one time, there were three cells downstream of the lock around RM 363.5; now there are 
two cells. Building a new cell above the two cells that are at RM 363.5 would make RM 363.5 a 
more desirable site for waiting tows. However, many tows do not like to wait this close due to the 
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channel width and approach conditions. A preferred site would be RM 361.7. Many tows are now 
waiting at RM 36 1.7 to 362.0 just above the mouth of the Des Moines River on the right 
descending bank; however, no formal mooring is available. 

Upper Approach/Downbound: Add two mooring cells at RM 365.5 to provide a location for 
additional tows to wait above the lock. 

Lower Approach/Unbound: Additional cells could be provided for tows at RM 361.7. 

. Approach Improvements and GuidewalllGuardwall Extensions 

Upper Lock Approach: For small scale improvements, the March 1996 draft report by WES was 
referenced: Navigation Conditions at Lock and Dam 19, Mississippi River. Plan C- 1 from this 
report with the non-standard guardwall and the four submerged dikes above the lock forebay to 
improve the downbound fly and exchange approach gives a potential improvement of 3 to 4 on the 
referenced scale of 0 to 10 (see plate 10 in Appendix C). This reduces the number of missed 
approaches and improves the average approach time. Implementing the channel improvements 
only (4 submerged dikes) is a small improvement, 0 to 1, and is not recommended. With only the 
non-standard guardwall, the improvement is 2 to 3. The Plan A-Modified option from the WES 
report (plate 11 in Appendix C) with the shortened guardwall at L2 has a potential improvement of 
4 to 6. Guidewall or guardwall extensions are at the top of the list for improvements at the site. 
However, any work upstream will need to be coordinated with the power company. A lOO-foot 
extension of the riverside lockwall or a 500-foot extension angled landward from the landside 
lockwall would assist tows into the lock. 

Lower Lock Approach: Channel improvement is the widening of the channel, shown as the cross- 
hatched area on plates 10 and 11 in Appendix C, which is rock excavation and has a potential 
improvement of 2 to 3. Excavation may also be needed near the existing cells at RM 363.6 to 
prevent loaded tows from grounding out during low water conditions. This would provide a wider 
turn for upbound tows and a potentially closer exchange point (many tows now wait at RM 362 
near the mouth of the Des Moines River). A 600-foot solid extension of the riverward guidewall 
would help downbound and upbound tows and is a potential 1 to 2 improvement. The channel 
excavation and extended riverward guidewall together is a potential 4 to 5 improvement. 

n Remote Remake Areas 

Remote remake areas are unnecessary at the site due to the 1,200-foot chamber length that allows 
all tows transiting the system to lock as singles. 

n Other Site Information 

A helper boat now is rarely available at the site. However, the expanded use of helper boats could 
provide some benefits to downbound tows in making their approaches. Its use could save an 
average of approximately 10 minutes on downbound approaches. 

The presence of a 1,200-foot chamber eliminates the need for industry self help and switchboats. 

Scheduling currently is not used at the site because its use could easily create very large queues for 
the upstream and downstream locks. 
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Adequate recreational landings are available above and below the lock, and recreation usage of the 
lock has not been a problem. 

L&D 20, Canton, Missouri 

. Description 

Lock 20 is located on the Missouri shore at RM 343.2 at the town of Canton, Missouri. The lock 
has a usable chamber 110 feet wide and 600 feet long. The site includes a 5 1 -/-foot upstream 
guidewall and a 500-foot lower guidewall. The maximum pool lift is 10 feet. Plate 12, located in 
Appendix C, shows the site and potential improvements. 

. Approach Conditions/Locations 

Discussions with the lockmaster and tow pilots during an initial site visit revealed that the 
downbound approach to the lock requires flanking during the approach. Tows have a tendency to 
be drawn into the riverbank. The site has relatively moderate outdraft, with strong outdraft 
occurring during 30 percent of the navigation season. During high flows when the dam gates are 
out of the water, a helper boat is needed to assist tows making their final approach to the lock from 
upstream. This can occur frequently since the dam is one of the first to go out of operation during 
high water. The upbound approach to the lock can take as long as 45 minutes after a downbound 
lockage due to the distance that downstream tows must wait before making the approach. 

Unuer AnnroachIDownbound: Fly lockages approach point is generally recorded at RM 345 .O. 
Exchange lockages vary from RM 343.5 to RM 345.0 depending 
on the timing of the tows exchanging. 

Lower ApproachlUpbound: Fly lockages approach point is at RM 340.7. 
Exchange lockage approach points vary. Tows wait along bank 
below 342.8 down to near 342.0. 

n Measures Under Consideration 

At Lock 20, all measures are currently under consideration. The following table summarizes the 
expected cost and time savings by measure for this site. 
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TABLE 3-10: COST AND TIME SAVINGS OF MEASURES AT LOCK 20 

I I Time Savinas to I 
Measure Cost 1’ Waiting T&s 2, Comments 

Helper Boat $640,00O/boaVyear Limited Additional approach time savings is limited. Approx. 
80% of tows already assisted. 

Switchboat w/Guidewall $1.13 mil/boat/year US: 23 min. TRBK DBL Remake time savings possible all flows with adequate 
Extension $3.2 to $23.3 mil initial/gw DS: 30 min. TRBK DBL horsepower. DS additional cost with bank excavation 

ext and addressing Buck Run. 
Switchboat w/Remote $1.33 mil/boat/year US: 23 min. all DBL Remake time savings possible all flows with adequate 
Remake & 300’ US 
Guidewalls 

$3.7 mil initiall~/moor DS: 30 min. all DBL horsepower. 
$2.1 to $11.7 mil initial/gw I 
ext 2’ 

Industry Self Help $50/hour for fuel US: 17 min. all DBL Remake time savings possible all flows with adequate 
w/Moorings or $500k initially/cell DS: 24 min. all DBL horsepower, except would not back cuts US during 
Guidewall Ext. GW costs same above outdraft without wall ext. 

Tolls and Time $465,000’ initially TBD Roughly same cost for all fee measures - includes 
Charges $235,000* annually coordination, setting charge, implementation. 
Publish Lockage Times $65,000* annually Limited Very difficult to estimate time savings 
Recreational Craft $520,000’ initially Limited Cost includes public meetings, signage, and public 
Scheduling $35,000* annually awareness 
Ret Boat Landings $270,000 initially Limited Considering developing site upstream of the lock on 

$12,500 annually both sides 
Scheduling Program $550,000’ initially Limited Time savings/delay reduction depends on method 

$35,000’ annually used 
Powered Kevels w/Ext US: $23.8 mil initially US: 6 min. TRBK DBL Kevels need redesign because of the low elevation of 
Guidewalls DS: $11.7 mil initially DS: IO min. TRBK DBL the lock guidewalls. During high water, barges ride too 

high, negating the use of the “typical” kevel design. 

Powered Kevels w/Ext US: $23.8 mil initially US: 20 min. TRBK DBL Same concern over redesign. Annual cost increase 
Guidewalls & Addl DS: $11.7 mil initially DS: 25 min. TRBK DBL associated with additional personnel. 
Personnel Plus $518,000 annually 

per lock 
US: $23.3 mil initially 6 min. TRBK DBL Kevels need redesign because of the low elevation of 

26 min. TRBK SETOVER the lock guidewalls. During high water, barges ride too 
Unpowered Kevels 6 min. TRBK KNOCKOUT high, negating the use of the “typical” kevel design. 
W/Ext Guidewalls DS: $11.3 mil initiallv 6 min. TRBK DBL Same concerns as above for redesign 

DS Moorina 
RM 342.8 - 
Permanent Deck 

$50,000 initially 

) $4,0001barge initially 

27 min. TRBK SETOVER 
7 min. TRBK KNOCKOUT 
11 min. UB EXCH APRCH Left channel 

) 4 min. all DBL ) System cost TBD 
Winches 
Additional Personnel 
Powered Ratchet 
Wrench 
Approach 
Improvements Various 
Options: 

$1,20O/dayllock 
$7,50O/unit initially 

$1.3 mil to 43.1 4’ mil 
initially*** 

3 min. all DBL 
5 min. all DBL 

Less than 1 min. to 6 min. 

Implement during lock congestion periods 
One unit per DBL tow 

Individual options detailed in Section 4” 

1’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 
2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. Time 
savings shown are for tows waiting in queue The actual tow may experience smaller savings, since in some cases the same operations are performed. 
only the location is moved. 
3’ Costs of 300.foot wall extensions approximated by one-half cost of 600-foot US wall. 
3’ Includes impacts to navigation during construction. 

l Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
l * Some options provide potentially greater time savings but at a high cost to the navigation industry due to delays and closures during construction. 
*** An additional cost of $450,000 is anticipated for a model study to verify the site-specific optimum approach improvements. 
US - Upstream TRBK - Turnback Lockages Only 
DS - Downstream DBL - Double Lockages 
TBD -To Be Determined 

n Adjacent Moorings 

On the upper approach, the addition of a mooring is not likely to allow tows to get any closer to 
the lock. They currently are able to wait in the pocket at RM 343.5. However, the site lacks a 
mooring cell, bank anchor, or other structure, and the water depth is limited to approximately 
9 feet and may require dredging in the near future to remain open. The next available site is at 
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RM 345 on the left descending bank and then tows must wait along Nelson and Polly Islands 
upstream of RM 346.0. Mooring at RM 345 brings tows 1 mile closer to lock. 

Developing a mooring in the channel around RM 342.8 would allow tows to approach closer 
to the lock and reduce exchange lockage times. Other cells farther downstream either above or 
below the Ayers Oil Company docks at RM 342.6 would allow tows to moor without pushing into 
the bank. Currently during periods of low flow, 15-barge tows must either wait in the channel or 
at Howards Crossing Light and Day Mark at RM 337.5. While exchange times vary, they can take 
up to 1 hour when a tow must wait this far from the lock. 

Upper Approach/Downbound: A mooring or bank anchor could be added for tows waiting in the 
pocket at 343.5 or at 344.0. 

Lower AsproachKJpbound: A preferred mooring location would be a cell on the left 
descending side out in the channel at RM 342.8. Other cells 
downstream would provide alternative locations to assist in 
keeping tows from using the Canton riverfront. 

. Approach Improvements 

Upper Lock Annroach: The channel improvements include extensive excavation above the lock to 
widen the channel and allow tows to drive to the lock. This excavation is to the landside and 
follows a straight extension of the landside guidewall. Improvements also include 
filling/straightening of the riverbank immediately above the guidewall and placement of three 
submerged dikes above the lock to reduce outdraft. Outdraft can be somewhat controlled at this 
site with operation of the gates toward the Illinois side of the dam. Extending the guidewall alone 
does little to improve the approach without the channel widening. An L3 or L2 guardwall alone 
are not recommended. Section 4 shows the relative merits of the improvements. The fly approach 
benefits from the channel improvements if using 1990 timing data. It was noted that in 1990 
(reference year for timing data) the exchange point was the pocket about 1,500 feet above the 
guidewall. Now, because of siltation in the pocket area, the exchange point is more common at 
RM 345.0, which is considered to be the arrival point for a fly approach. Channel dredging could 
bring the exchange point back near the pocket area. 

Lower Lock Approach: The Buck Run Creek outlet will have to be relocated farther downstream 
if the guidewall is extended. Extending the guidewall gives some improvement to the approach. 
With some dredging below the extended guidewall, the approach has a potential improvement of 
3 to 5 on the reference scale. 

n Remote Remake Areas 

The same general locations mentioned for adjacent mooring facilities could work for remote 
remake areas. The primary difference would be the use of a combination of cells and spud barges 
to create a flat surface. 

Uuper ApvroachKJpbound: Remake areas could be located either just upstream of the pocket 
at approximately RM 343.9 on the Missouri shore or possibly out 
in the channel around RM 344.0. 

Lower ApnroachDownbound: Remake areas could be located in the channel at RM 342.7. The 
next potential site would be on the right descending bank either 
immediately above or below the Ayers Oil Company docks at 
RM 342.6. 
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n Other Site Information 

Currently a helper boat is regularly available at Lock 20. An average of 80 percent of downbound 
approaches use assistance. The time savings for this assistance is estimated at more than 
20 minutes during higher flows and 10 minutes during lower flows. 

Scheduling is used fairly regularly when queues develop. Industry self help is implemented when 
a queue of 6 or more boats develops, which occurs less than 5 percent of the time. 

The lo&master estimated that, if switchboats were used to pull cuts at the site, about a 1,200- 
horsepower boat would be needed above the lock and a 800- to 1 ,OOO-horsepower boat below. 
With adequate horsepower, the switchboats should be able to pull cuts under all conditions at this 
site. Subsequent discussion with the U.S. Coast Guard and navigation industry lead to increasing 
the size of switchboats to 1,800 to 2,400 horsepower to allow a greater margin of safety. 

Currently there are not significant lock usage conflicts between commercial and recreational users. 
However, above the lock no landing is available on the Illinois side for approximately 15 miles. 

L&D 21, Quincy, Illinois 

. Description 

Lock 21 is located on the Illinois shore at RM 324.9 at the city of Quincy, Illinois. The lock has a 
usable chamber 110 feet wide and 600 feet long. The site includes a 5 17-foot upstream guidewall 
and a 500-foot lower guidewall. The maximum pool lift is 10.5 feet. Plate 13 in Appendix C 
shows the site and potential improvements. 

n Approach Conditions/Locations 

Downbound tows use a flanking approach to the lock and tight an outdraft off the end of the 
intermediate lockwall. Outdraft conditions significantly impacting approaches occur during 
approximately 55 percent of the navigation season. High tailwaters approaching flood stage 
require use of a helper boat to assist tows approaching the lock. 

Unner AnnroacMDownbound: Fly lockages approach point is generally recorded at Rh4 327.0. 
Exchange lockages typically occur at RM 325.3 to RM 325.7 with 
the downbound tow waiting along the bank either just above or 
just below the wing dam. 

Lower ApproachKJnbound: Fly lockages approach point is at RM 323.7. 
Exchange lockage approach points vary, but 324.5 is typical. 
However, tows wait along Orton Island on the right descending 
bank around RM 323.0. 

n Measures Under Consideration 

At Lock 2 1, the following measures are currently under consideration. Recreational craft landings 
are not required due to adequate existing facilities. The following table summarizes the expected 
cost and time savings by measure for this site. 
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TABLE 3-11: COST AND TIME SAVINGS OF MEASURES AT LOCK 21 
Time Savings to 

Measure cost 1’ Waiting Tows 2’ Comments 
Helper Boat $640,00O/boaVyear Limited Additional approach time savings is 

limited. Approx. 80% of tows already 
assisted. 

Switchboat $1.13 miliboatlyear US: 25 min. TRBK DBL Remake time savings possible all flows 
w/Guidewall $3.3 to $23.2 mil DS: 31 min. TRBK DBL with adequate horsepower. US & DS 
Extension initialigw ext walls require bank excavation. 
Switchboat w/Remote $1.33 mil/boat/year US: 25 min. all DBL Remake time savings possible all flows 
Remake & 300’ US $3.7 mil initially/moor DS: 31 min. all DBL with adequate horsepower. 
Guidewalls $2.2 to $11.6 mil 

initial/gw ext 3, 
Industry Self Help $50/hour for fuel US: 19 min. all DBL Remake time savings possible all flows 
w/Moorings or $500k initially/cell DS: 25 min. all DBL with adequate horsepower, except would 
Guidewall Ext. GW costs same above not back cuts US during outdraft without 

wall ext. 
Tolls and Time $465,000* initially TBD Roughly same cost for all fee measures - 
Charges $235,000* annually includes coordination, setting charge, 

implementation 
Publish Lockage $65,000* annually Limited Very difficult to estimate time savings 
Times 
Recreational Craft $520,000* initially Limited Cost includes public meetings, signage, 
Scheduling $35,000* annually and public awareness 
Ret Boat Landings N/A N/A Adequate sites available 
Scheduling Program $550,000* initially Limited Time savings/delay reduction depends 

$35,000* annually on method used 
Powered Kevels w/Ext US: $23.6 mil initially US: 7 min. TRBK DBL Cost of powered kevel is $750,00O/wall 
Guidewalls DS: $14.4 mil initially DS: 10 min. TRBK DBL 
Powered Kevels w/Ext US: $23.7 mil initially US: 21 min. TRBK DBL Annual cost increase associated with 
Guidewalls & Addl DS: $14.5 mil initially DS: 24 min. TRBK DBL additional personnel 
Personnel Plus $518,000 annually 

per lock 
US: $23.1 mil initially 6 min. TRBK DBL Cost of extending unpowered kevels is 

27 min. TRBK SETOVER $240,000 initially 
Unpowered Kevels 8 min. TRBK KNOCKOUT 
W/Ext Guidewalls DS: $14.1 mil initially 6 min. TRBK DBL Cost of unpowered kevels is $360,000 

30 min.TRBK SETOVER initially 
8 min. TRBK KNOCKOUT 

Permanent Deck $4,0001barge initially 4 min. all DBL System cost TBD 
Winches 
Additional Personnel $1,20O/day/lock 3 min. all DBL Implement during lock congestion 

periods 
Powered Ratchet $7,50O/unit initially 5 min. all DBL One unit per DBL tow 
Wrench 
Approach $2.3 mil to 32.3 *’ mil Less than 1 min. to Gmin. Individual options detailed in Section 4.” 
Improvements initially’** 
Various Options: 
2 Costs listed in this table provide an indication of the total cost for the measure, however, Section 4 provides additional detail and clarification. 
2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. 
Time savings shown are for tows waiting in queue. The actual tow may experience smaller savings, since in some cases the same operations are 
performed, only the location is moved. 
3’ Costs of 300-foot wall extensions approximated by one-half cost of 600-foot US wall 
3’ Includes impacts to navigation during construction. 

* Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
** Some options provide potentially greater time savings but at a high cost to the navigation industry due to delays and closures during construction. 
*‘* An additional cost of $450,000 is anticipated for a model study to verify the site-specific optimum approach improvements. 
US - Upstream TRBK - Turnback Lockages Only 
DS - Downstream DBL Double Lockages 
TBD - To Be Determined 
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. Adjacent Moorings 

On the upper approach, the addition of a mooring is not likely to allow tows to get any closer to 
the lock. They currently are able to wait in the pocket at RM 325.3. However, the site lacks a 
mooring cell, bank anchor, or other structure and the width is limited, requiring some exiting tows 
to take extra time to move out of the chamber. The next available site is at Rh4 325.7 on the left 
descending bank, but docks in the area and ongoing development along the Quincy riverfront limit 
the number of available waiting areas. 

Developing a mooring in the channel around RM 324.5 would allow tows to wait over 1 mile 
closer to the lock and reduce exchange lockage times. Other cells farther downstream along Orton 
Island would allow tows to moor without pushing into the bank. 

Upper ApproacWDownbound: A mooring cell or bank anchor could be added for tows waiting in 
the pocket at RM 325.3. 

Lower AnproacM-Jpbound: A preferred mooring location would be a cell in the channel at 
RM 324.5. Other cells on downstream would provide alternative 
locations to moor without pushing into the bank along Orton 
Island. 

. Approach Improvements and GuidewalUGuardwall Extensions 

Guidewall extensions are under consideration as a measure both above and below the lock. 

Upper Lock Approach: Channel improvements include excavating along the bankline above the 
lock, filling/straightening the bankline immediately above the lock, removing the wing dam 
located about 3,200 feet above the lock, and placing five submerged dikes above the lock to reduce 
outdraft. The top of the dikes is 15 feet below normal pool, which is the minimum acceptable. 
These improvements should allow for a straighter approach to the lock and reduce the 
maneuvering now needed to enter the lock. An L3 or L2 guardwall alone are not recommended. 

Lower Lock Approach: There are no identified improvements for the lower approach. An 
extension of the guidewall gives some added benefit to the approach. 

. Remote Remake Areas 

Any remake area above the lock should be located above the pocket at Rh4 325.3; otherwise, it 
would likely block the approach. Below the lock, a remake area could be located at FM 324.3 just 
downstream of the boat landing along the Illinois shore. 

Upper AnnroachKJpbound: Remake areas could be located either just upstream of the pocket 
at approximately RM 325.7 on the Illinois shore or possibly 
farther upstream along the Quincy riverfront. 

Lower Annroach/Downbound: Remake areas could be located along the Illinois shore at RM 
324.3. Other potential sites would be out in the channel or along 
Orton Island. 
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n Other Site Information 

An approximately 800-horsepower helper boat is regularly available at Lock 21. On average, 
about 75 to 80 percent of downbound approaches currently use helper boat assistance. This 
assistance can cut approach times by approximately 50 percent. 

The lockmaster regularly implements 3-up/3-down scheduling. Industry self help, while utilized 
less often, is commonly used at the site. 

The lockmaster estimated that, if switchboats were used to pull cuts at the site, approximately a 
1,200- to 1,600-horsepower boat would be needed above the lock. With adequate horsepower, the 
switchboats should be able to pull cuts under all conditions at this site. Subsequent discussion 
with the U.S. Coast Guard and navigation industry lead to increasing the size of switchboats to 
1,800 to 2,400 horsepower to allow a greater margin of safety. 

Currently there are not significant lock usage conflicts between commercial and recreational users, 
and adequate recreational facilities are available above and below the lock. 

A guide cell added 100 feet above the upper guidewall and below the lower guidewall would assist 
tows and provide some increased protection for the lock gates. 

L&D 22, Saverton, Missouri 

. Description 

Lock 22 is located on the Missouri shore at RM 301.2 near the town of Saverton, Missouri. The 
lock has a usable chamber 110 feet wide and 600 feet long. The site includes a 5 17-foot upstream 
guidewall and a 500-foot lower guidewall. The maximum pool lift is 10.5 feet. Plate 14 in 
Appendix C shows the site and potential improvements. 

n Approach Conditions/Locations 

This site has the some of the most severe outdraft conditions on the Upper Mississippi River 
system. Strong outdraft currents are present approximately 40 percent of the navigation season. 
As downbound vessels reduce speed to make the approach to the lock, they must fight a strong 
outdraft. Helper boats are required to assist at tailwater stages above 8 feet. The channel 
upstream of the lock is narrow. A mooring cell located 3,500 feet upstream of the lock is rarely 
used because it is hard to access. Therefore, downbound traffic waits approximately 3 miles 
upstream to allow upbound traffic to pass. 

Uuper AouroacWDownbound: Fly lockages approach point is generally recorded at RM 303.7 
Exchange lockages typically wait either at RM 30 1.9 on the 
existing cell or at RM 303.6. 

Lower Approach/Unbound: Fly lockages approach point is at RM 300.3. 
Exchange lockage tows typically wait along the Missouri bank at 
RM 300.3. 

. Measures Under Consideration 

At Lock 22, all measures are currently under consideration. The following table summarizes the 
expected cost and time savings by measure for this site. 
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TABLE 3-12: COST AND TIME SAVINGS OF MEASURES AT LOCK 22 

I I Time Savincls to 
Measure Cost 1’ Waiting Tows 2’ Comments 

Helper Boat $640,00Oiboaffyear Limited Additional approach time savings is 
limited. Approx. 80% of tows already 
assisted. 

Switchboat w/Guidewall $1 .I 3 mil/boaVyear US: 24 min. TRBK DBL Remake time savings possible all flows 
Extension $3.2 to $24.3 mil initialigw ext DS: 29 min. TRBK DBL with adequate horsepower. US wall 

requires bank excavation. 

Switchboat w/Remote $1.33 mil/boat/year US: 24 min. all DBL Remake time savings possible all flows 

Remake & 300’ US $3.7 mil initially/moor DS: 29 min. all DBL with adequate horsepower. 
Guidewalls $2.2 to $12.2 mil initial/gw ext. 3’ 

An additional cost of $450,000 is 
anticipated for a model study to 
verify the site-specific optimum 

Industry Self Help 
w/Moorings or 
Guidewall Ext. 

approach improvements. 
$50/hour for fuel 
$500k initially/cell 
GW costs same above 

I I 
US: 18 min. all DBL 1 Remake time savings nnssibls all flows __ r- __-._ _ 1 
DS: 23 min. all DBL with adequate horsepower, except would 

not back cuts US during outdraft without 

Unpowered Kevels 
WlExt Guidewalls 

4’ Includes impacts to navigation during construction 

measures address the same elements. owever, several combinations are possible. 
ual tow may experience smaller savings, since in some cases the same operations are 

* Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
** Some options provide potentially greater time savings but at a high cost to the navigation industry due to delays and closures during construction. 
US - Upstream TRBK Turnback Lockages Only 
DS - Downstream DBL - Double Lockages 
TBD -To Be Determined 
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n Adjacent Moorings 

On the upper approach, the addition of a mooring could allow tows to get closer to the lock. 
While a cell has been constructed at RM 301.8, it has been damaged. As a result, many tows are 
not using the mooring cell and instead are waiting 2 miles farther upstream of RM 304. 
Recommendations for the site would include repairing the existing mooring cell and possibly 
adding additional mooring cells farther upstream to provide formal mooring areas for waiting 
tows. 

Developing a mooring along the Missouri shore at RM 300.3, while not allowing tows to 
approach any closer to the lock, would provide a formal waiting area and help tows stay off the 
riverbanks. Another option would be a mooring located out in the river channel near RM 300.8. 

Unuer Auuroach/Downbound: Repair or replace mooring cell at RM 301.8. Additional mooring 
at RM 302.3 or upstream to RM 304.0 would allow other tows to 
wait close to the lock. 

Lower AuuroacWUubound: A preferred mooring location would be a cell or buoy in the 
channel at RM 300.8 on the left descending side. A second option 
would be a cell along the right descending bank at RM 300.3. 

. Approach Improvements and GuidewalI/Guardwall Extensions 

Upper Lock Anproach: Channel improvement refers to the added dike system above the lock as 
described in the model study, This improvement (5 dikes) aligns the currents along the right bank 
and reduces the outdraft. Section 4 shows the potential approach improvement relative to the 
various improvement measures and combinations thereof. Both the fly and exchange approaches 
benefit from the channel improvement. 

Lower Lock Auuroach: Channel improvement is the continuation of maintenance dredging which 
is done now on an as-needed basis. This, in combination with the guidewall extension, gives the 
maximum expected improvement (1 to 3). 

. Remote Remake Areas 

The same general locations mentioned for adjacent mooring facilities could work for remote 
remake areas. However, upstream it would be preferable to position a remake area upstream of 
the existing cell. Downstream of the lock, both locations ideally would be developed-one as an 
adjacent mooring and the other as a remake area. This would allow for maximum efficiency in 
processing exchange lockages. 

Upper Apuroach/Uubound: Remake areas could be located on the Missouri bank at RM 302.3 
just upstream of the existing cell. 

Lower AuproachlDownbound: Preferred remake areas correspond to the preferred adjacent 
mooring locations, along the Missouri bank at RM 300.6 or in the 
channel at RM 300.8. Ideally, both areas could be developed and 
one used as a remake and the other as a mooring area. 
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. Other Site Information 

Currently a helper boat is regularly available at Lock 22. On average, about 80 percent of 
downbound approaches use assistance. The time savings for this assistance is estimated at more 
than 30 minutes during higher flows and 15 to 20 minutes during lower flows. 

Helper boats could also be used to pull cuts along an extended guidewall, but barges may need to 
be attached to a traveling kevel to keep the cut along the wall. 

Scheduling is used approximately 10 percent of the year and is implemented when queues 
develop. Both 3-up/3-down scheduling and different variations are used based on the type of 
queue. Industry self help is implemented when a longer queue develops, which occurs 
approximately 2 percent of the time. 

The lockmaster estimated that, if switchboats were used to pull cuts at the site, approximately a 
2,000-horsepower boat would be needed above the lock and a 1,500- to l,SOO-horsepower boat 
below. With adequate horsepower, switchboats should be able to back cuts away upstream from 
the lock approximately 60 percent of the time, except during outdraft conditions. During these 
outdraft periods, moving the switchboat to the downstream end would be required, so the tow 
could be pushed upstream. Subsequent discussion with the U.S. Coast Guard and navigation 
industry lead to increasing the size of switchboats to 1,800 to 2,400 horsepower to allow a greater 
margin of safety. These larger boats should allow assistance to occur under virtually all flow 
conditions. 

Faster emptying times would be possible if the first cut of a downbound double were taken along 
an extended guidewall or to a remote remake facility. However, the time savings depend on the 
head difference between the upper and lower pools (head is greatest during low-flow periods). At 
this site, the average head difference is 5.1 feet. When the head is in the 4- to 5-foot range, the 
valves are opened one-third to one-half of the way until the lines are tightened, and then the valves 
are fully opened. This leaves little potential for additional savings. In contrast, when the head 
difference is 10 feet, the valves are opened one-third of the way until the lines are tightened. They 
are then opened to two-thirds until the chamber is half empty, at which time the valves are fully 
opened. 

Currently there is not a significant lock usage conflict between commercial and recreational users. 
However, above the lock there are no landings available for approximately 8 miles. 

L&D 24, Clarksville, Missouri 

. Description 

Lock 24 is located on the Missouri shore at RM 273.4 at the town of Clarksville, Missouri. The 
lock has a usable chamber 110 feet wide and 600 feet long. The site includes a 5 1 S-foot upstream 
guidewall and a 5 16-foot lower guidewall. The lift is 15 feet. Plate 15 in Appendix C shows the 
existing site and potential improvements. 

n Approach Conditions/Locations 

Severe outdraft conditions in the upstream approach to the lock give Lock and Dam No. 24 the 
distinction of being one of the most dangerous locks to approach in the lower reach of the Upper 
Mississippi River. Some level of outdraft conditions is present roughly 90 percent of the 

3-39 



UMR-IVVW System Navigation Study Detailed Assessment of Small Scale Measures 

navigation season, with major outdraft present over 40 percent of the time. While construction of 
a spur dike in the upstream approach has improved the situation, a helper boat is still needed much 
of the time to aid tows in their approach to the lock. 

Upper Apnroach/Downbound: Fly lockages approach point is generally recorded at RM 275.4. 
Exchange lockages vary, but tows typically wait along refuge at 
RM 274.5 on the right descending bank. 

Lower Anproach/Upbound: Fly lockages approach point is at RM 272.0. 
Exchange lockage approach points vary, with tows wait along 
bank from approximately RM 273.0 to 272.0. 

. Measures Under Consideration 

At Lock 24, all measures are currently under consideration. Table 3- 13 summarizes the expected 
cost and time savings by measure for this site. 

. Adjacent Moorings 

Smaller tows (9 barges or less) can wait in the pocket at RM 274.0, but the site lacks a mooring 
cell, bank anchor, or other structure and is limited to use by smaller tows. However, by moving 
the dike upstream, larger tows could use the pocket at RM 274.0, bringing tows one-half mile 
closer to the lock. Moving upstream, the next available sites are the two cells at Dundee Cement 
at RM 274.3 on the right descending bank, but most tows tie off to one of the three bank anchors 
along the Clarksville State Game Refuge from approximately RM 274.7 to 275.4. 

Tows currently are able to wait near the lock along both sides of the river by pushing into the 
bank. The site also has an anchor buoy at RM 272.0, but then there is not adequate depth closer to 
the lock. As a result, tows need assistance in staying off the city’s riverfront and dredging could 
be required for sites close to the lock. Several mooring cells or bank anchors could be added from 
RM 272.0 to 273.0 on the Missouri bank and from RM 272.0 to 272.7 along Clarksville Island. 

Upper ApproachDownbound: A mooring cell or bank anchor could be added for tows waiting 
above the pocket at RM 274.0. Farther upstream, adequate 
moorings are available. 

Lower ApnroachKJpbound: Mooring cells or bank anchors could be added from RM 273.0 to 
272.0 on the Missouri bank and from RM 272.6 to 272.0 in the 
channel along Clarksville Island. 

. Approach Improvements and GuidewalllGuardwall Extensions 

Upper Lock Approach: The channel work consists of a dike field above the lock starting with the 
rework of the existing dike 2,700 feet above the dam to add an L-head and then the addition of two 
more dikes above it spaced at 1,000 feet for a total of three dikes above the lock. The top 
elevation is at 2 feet above normal pool. A guidewall extension gives the lowest level of 
improvement to navigation (0 to 1). The next order of improvement is the dike field above the 
lock, which by itself gives an estimated improvement of 3 to 4 on the 0 to 10 scale. An L3 
guardwall with the dike field and extension of the existing guidewall gives an estimated 
improvement of 6 to 7. The most improvement (9 to 10) is achieved with an L2 guardwall, 
channel work and removal of the existing guidewall, and reshaping of the bankline to give the 
200-foot opening at the upper end of the guardwall. Other improvements and combinations 
thereof are discussed in Section 4. Both the fly and exchange approaches benefit from the channel 
improvement. 
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TABLE 3-13: COST AND TIME SAVINGS OF MEASURES AT LOCK 24 

Measure cost l’ 
Helper Boat $640,0001boat/year 

Time Savings to 
Waiting Tows 2’ 

Limited 
Comments 

Additional approach time savings is 
limited, regularly assists tows. 

Switchboat $1 .13 mil/boat/yr US: 22 min. TRBK DBL Remake time savings possible all flows 
w/Guidewall Extension $3.2 to $20.5 mil initial/gw DS: 30 min. TRBK DBL with adequate horsepower. US wall 

ext requires bank excavation. 
Switchboat w/Remote $1.33 mil/boat/yr US: 22 min. all DBL Remake time savings possible all flows 
Remake & 300’ US $3.7 mil initially/moor DS: 30 min. all DBL with adequate horsepower. 
Guidewalls Qt2,to $10.3 mil initial/gw 

Industry Self Help $50/hour for fuel US: 16 min. all DBL Remake time savings possible all flows 
w/Moorings or $500k initially/cell DS: 24 min. all DBL with adequate horsepower, except would 
Guidewall Ext. GW costs same above not back cuts US during outdraft without 

wall ext. 
Tolls and Time 
Charges 

$465,000* initially 
$235,000* annually 

TBD Roughly same cost for all fee measures - 
includes coordination, setting charge, 
implementation. 

Publish Lockage Times $65,000* annually Limited Very difficult to estimate time savings 
Recreational Craft $520,000* initially Limited Cost includes public meetings, signage. 
Scheduling $35,000* annually and public awareness 
Ret Boat Landings $270,000 initially Limited Only considering developing site 

$12,500 annually downstream of the lock on IL side 
Scheduling Program 5550,000* initially Limited Time savings/delay reduction depends on 

535,000’ annually method used 
Powered Kevels w/Ext US: $21 .O mil initially US: 6 min. TRBK DBL Cost of unpowered kevel is $750,00O/wall 
Guidewalls DS: $11.4 mil initially DS: 8 min. TRBK DBL 
Powered Kevels w/Ext US: $21 .O mil initially US: 20 min. TRBK DBL Annual cost increase associated with 
Guidewalls & Add1 DS: $11.4 mil initially DS: 22 min. TRBK DBL additional personnel 
Personnel Plus $518,000 annually 

per lock 
US: $20.4 mil initially 6 min. TRBK DBL Cost of extending unpowered kevels is 

27 min. TRBK SETOVER $240,000 initially 
Unpowered Kevels 6 min. TRBK KNOCKOUT 
WlExt Guidewalls DS: $11 .O mil initially 6 min. TRBK DBL Cost of unpowered kevels is $360,000 

21 min.TRBK SETOVER initially 
7 min. TRBK KNOCKOUT 

US Mooring $500,000 initially 7 min. DB EXCH APRCH Right bank 
RM 274.0 
Permanent Deck $4,00O/barge initially 4 min. all DBL System cost TBD 
Winches 
Additional Personnel $1,20O/day/lock 3 min. all DBL Implement during lock congestion periods 
Powered Ratchet $7,50O/unit initially 5 min. all DBL One unit per DBL tow 
Wrench 
Approach Improve- $1.6 mil to 31.7 5’ mil Less than 1 min. to 4 min. Individual options detailed in Section 4.** 
ments Various Options: initially**’ 
1’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 
z/Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. 
Time savings shown are for tows waiting in queue. The actual tow may experience smaller savings, since in some cases the same operations are 
performed, only the location is moved. 
2’ Costs of 300.foot wall extensions approximated by one-half cost of 600-foot US wall. 
4’ Includes impacts to navigation during construction. 

l Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
** Some options provide potentially greater time savings but at a high cost to the navigation industry due to delays and closures during construction. 
*** An additional cost of $450,000 is antictpated for a model study to verify the site-specific optimum approach improvements. 

Lower Lock Annroach: Channel improvement is the addition of a trail dike off the end of the 
riverward lockwall to help deflect flows from the wall. This, in combination with the guidewall 
extension, gives the maximum anticipated improvement. Like all lock sites, a model study is 
needed to verify the optimum approach improvements and in this case to identify the effectiveness 
of the trail dike in allowing downbound tows to exit the guidewall more efficiently. 
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. Remote Remake Areas 

Above the lock, a potential site at RM 274.0 is along a rock shelf on the Missouri bank. The next 
available site would be upstream along the state game refuge at RM 274.5. 

Below the lock, the same general locations mentioned for adjacent mooring facilities should 
work for remote remake areas. The primary difference would be the use of spud barges or a 
combination of cells and spud barges to create a flat surface. 

Uuper ApproachKJubound: Remake areas could be located either just upstream of the pocket 
at approximately RM 274.0 or upstream along the Missouri shore 
at RM 274.5. 

Lower ApnroachDownbound: A remake area could be located any where from RM 272.0 to 
273.0 on the Missouri Bank and from RM 272.0 to 272.7 along 
Clarksville Island, but closer sites are preferred. 

n Other Site Information 

Currently a helper boat is regularly available at Lock 24. The time savings for this assistance is 
estimated at 10 to 15 minutes during non-outdraft flows. 

Scheduling is used fairly regularly when a queue of five or more tows develops. Industry self help 
is implemented on a more limited basis following closures or backups of larger numbers of tows. 

The lockmaster estimated that, if switchboats were used to pull cuts at the site, approximately a 
1,200- to 1,400-horsepower boat would be needed above the lock and a 1,200-horsepower boat 
below. With adequate horsepower, the switchboats should be able to pull cuts upstream 
approximately 60 percent of the time, excluding severe outdraft conditions. Subsequent 
discussion with the U.S. Coast Guard and navigation industry lead to increasing the size of 
switchboats to 1,800 to 2,400 horsepower to allow a greater margin of safety. These larger boats 
should also allow assistance to occur under virtually all flow conditions. 

Currently there are not significant lock usage conflicts between commercial and recreational users. 
However, below the lock no landing is available on the Illinois side for approximately 8 miles. 

A micro-model is being used to address outdraft at this lock. An initial plan calls for the extension 
of the deflection dike above the lock as well as four bendway weirs along Middleton Island. 
Potential implementation is FY 98. 

L&D 25, Cap au Gris, Missouri 

. Description 

Lock 25 is located on the Missouri shore at RM 241.5 near the town of Cap au Gris, Missouri. 
The lock has a usable chamber 110 feet wide and 600 feet long. The site includes a 5 12-foot 
upstream guidewall and a 5 16-foot lower guidewall. The lift is 15 feet. 

n Approach Conditions/Locations 

Minor outdraft conditions are present 85 percent of the navigation season, but more severe 
outdraft conditions are present approximately 35 percent of the time. Severe outdraft conditions 
hamper downbound tows approaching the lock. While construction of a spur dike in the upstream 
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approach has improved the situation, a helper boat is still needed much of the time to aid tows in 
their approach to the lock. The ported guardwall creates some interference with the helper boat. 
Additionally, the trash removal opening in the ported guardwall has proven to be ineffective as 
trees become pinned across the opening, which in turn encourages the collection of smaller debris. 
As debris continues to accumulate over time, the opening becomes plugged. This results in more 
flow being forced through the series of timber piles upstream. Because the timber piles are on 5- 
foot centers, debris accumulates quickly. As plugging of the openings increases, the outdraft near 
the nose cell, due to flow crossing over to the dam, becomes more severe, aggravating scour of the 
bed riverward of the upstream cells as well as hampering navigation. 

Upper ApproacWDownbound: Fly lockages approach point is at RM 241.9. Exchange lockages 
typically occur at RM 242.1 with the approaching tow waiting on 
the L head dike or at the Sandy Creek Light Daymark at 
RM 245.3. 

Lower AnproaWUpbound: Fly and exchange lockages approach points occur at RM 240.6. 
Exchange lockages typically occur at RM 240.6. 

. Measures Under Consideration 

At Lock 25, all measures are currently under consideration. Table 3-14 summarizes the expected 
cost and time savings by measure for this site. 

n Adjacent Moorings 

On the upper approach, the addition of a mooring would not allow tows to get any closer to the 
lock. They currently are able to moor to the bank anchor on the L-head dike above the lock at 
RM 242.1 on the right descending bank. However, an additional mooring site at RM 242.4 would 
allow the next (second) tow to approach 0.8 mile closer to the lock, from RM 245.3. 

A mooring at RM 240.6 would formalize the existing waiting area as well as protect the bank. 
Another option would be to develop a mooring in the channel around RM 24 1.3 that would also 
allow tows to approach closer to the lock and reduce exchange lockage times. 

Upper AnnroacWDownbound: A mooring cell or bank anchor could be added above the pocket at 
RM 242.4. 

Lower AnproacWUpbound: The preferred site is a mooring in the channel at RM 241.3 on the 
left descending side of the channel. A second option would be a cell or bank anchor at the existing 
waiting area on the Missouri bank at RM 240.6. 

. Approach Improvements and GuidewalI/Guardwall Extensions 

Upper Lock Approach: Channel work includes shortening the L-head dike located about 3,900 
feet above the dam and channel realignment to about 5,000 feet above the dam. A guardwall at 
either Location 3 (L3) or Location 2 (L2) would be beneficial. A guardwall at either L3 or L2 
should eliminate the need for a helper boat that is commonly used at this site. The L3 guardwall 
would be used with the existing guidewall in place. The L2 guardwall would be used with the 
existing guidewall removed and bank shaped to provide a 200-foot opening at the upper end of the 
guardwall. An L2 guardwall by itself is not recommended. Combinations of these improvements 
are valued in Section 4. 
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Measure 
Helper Boat 

Switchboat 
w/Guidewall 
Extension 
Switchboat w/Remote 
Remake & 300’ US 
Guidewalls 

Industry Self Help 
w/Moorings or 
Guidewall Ext. 

Tolls and Time 
Charges 

Publish Lockage 
Times 
Recreational Craft 
Scheduling 
Ret Boat Landings 

Scheduling Program 

Powered Kevels w/Ext 
Guidewalls 
Powered Kevels w/Ext 
Guidewalls & Addl 
Personnel 

Unpowered Kevels 
W/Ext Guidewalls 

DS Mooring 
RM 241.3 
Permanent Deck 
Winches 
Additional Personnel 
Powered Ratchet 
Wrench 
Approach 
Improvements 
Various Options: 
., 

$1 .O mil to 34.1 *’ mil 
initially 

Less than 1 min. to 5 min. Individual options detailed in Section 4.** 

i ’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 
2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. Time 
savings shown are for tows waiting in queue The actual tow may experience smaller savings, since in some cases the same operations are performed, 
only the location is moved 
2’ Costs of 300-foot wall extensions approximated by % cost of 600-foot US wall. 
9 Includes impacts to navigation during construction 

* Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
l * Some options provide potentially greater time savings but at a high cost to the navigation industry due to delays and closures during construction. 
US - Upstream TRBK - Turnback Lockages Only 
DS - Downstream DBL - Double Lockages 
TSD - To Se Determined 

TABLE 3-14: COST AND TIME SAVINGS OF MEASURES AT LOCK 25 

Time Savings to 
Waiting Tows 2’ 

Limited 
cost l’ 

$640,00O/boat/year 
Comments 

Additional approach time savings is limited. 
Approx. 80% of tows already assisted. 

$1 .I 3 miliboatlyear US: 24 min. TRBK DBL Remake time savings possible all flows 
$3.3 to $27.3 mil initial/gw DS: 31 min. TRBK DBL with adequate horsepower. US & DS walls 
ext require bank excavation. 
$1.33 mil/boaVyear US: 24 min. all DBL Remake time savings possible all flows 
$3.7 mil initially/moor DS: 31 min. all DBL with adequate horsepower. 
$2.2 to $13.7 mil initial/gw 
ext 2’ 
$50/hour for fuel US: 18 min. all DBL Remake time savings possible all flows 
$500k initially/cell DS: 25 min. all DBL with adequate horsepower, except would 
GW costs same above not back cuts US during outdraft without 

wall ext. 
$465,000* initially 
$235,000* annually 

TBD Roughly same cost for all fee measures - 
includes coordination, setting charge, 
implementation. 

$65,000* annually Limited Very difficult to estimate time savings 

$520,000* initially 
$35,000* annually 
$270,000 initially 
$12,500 annually 
$550,000* initially 
$35,000* annually 
US: $27.8 mil initially 
DS: $15.1 mil initially 
US: $27.8 mil initially 
DS: $15.1 mil initially 
Plus $518,000 annually 
per lock 
US: $27.2 mil initially 

DS: $14.7 mil initially 

$50,000 initially 

Limited 

Limited 

Limited 

US: 6 min. TRBK DBL 
DS: 8 min. TRBK DBL 
US: 20 min. TRBK DBL 
DS: 22 min. TREK DBL 

6 min. TRBK DBL 
27 min. TRBK SETOVER 
6 min. TRBK KNOCKOUT 
6 min. TRBK DBL 
23 min.TRBK SETOVER 
8 min. TRBK KNOCKOUT 
9 min. UB EXCH APRCH 

Cost includes public meetings, signage, 
and public awareness 
Only considering developing site US of the 
lock on MO side 
Time savings/delay reduction depends on 
method used 
Cost of powered kevel is $750,00O/wall 

Annual cost increase associated with 
additional personnel 

Cost of extending unpowered kevels is 
$240.000 initiallv 

Cost of powered kevels is $360,000 initially 

Left channel 

$4,00O/barge initially 4 min. all DBL System cost TBD 

$1,20O/day/lock 
$7,50O/unit initially 

3 min. all DBL 
5 min. all DBL 

Implement during lock congestion periods 
One unit per DBL tow 

3-44 



Section 3 - Site Application of Measures 

Lower Lock Approach: The guidewall extension provides very little improvement. The extended 
wall would make for a better upbound approach but could make the downbound exit worse if the 
tow has to hug the wall before it can swing its stem to make the leeward exit as it now does. 
Channel excavation, including the right descending bank at RM 240.8, would provide a straighter 
approach/exit and together with the guidewall extended would provide the greatest potential 
improvement (4 to 5 on the referenced scale). It was noted that there are environmental concerns 
along the right descending bank. 

. Remote Remake Areas 

The same locations mentioned for adjacent mooring facilities could work for remote remake areas. 
The primary difference would be the use of a combination of cells and spud barges to create a flat 
surface. 

Uuuer ApproachKJubound: A remake area could be added above the pocket at RM 242.4 on 
either the right descending bank or left descending channel. 

Lower Approach/Downbound: A remake area could be located along the Missouri bank at 
RM 240.6; the second option would be a cell out in the channel at 
RM 240.8. 

. Other Site Information 

Currently a helper boat is regularly available at Lock 25, but often the towing company must be 
notified to get a crew on site to operate the boat. On average, approximately 80 percent of 
downbound approaches use assistance. The time savings for this assistance is estimated at up to 
45 minutes during outdraft and 10 to 15 minutes during normal flows. However, nearly all tows 
are currently using assistance during outdraft conditions. 

Scheduling is used on average nearly 10 percent of the year. It is implemented when a queue of 
five or more tows develops. Industry self help is implemented only when the queue dictates larger 
N-up/N-down procedures, such as 6-up/6-down. 

The lo&master estimated that, if switchboats were used to pull cuts at the site, approximately a 
2,000-horsepower boat would be needed above the lock and a 1,200-horsepower boat below. Wit1 
adequate horsepower, the switchboats should be able to back cuts to remote remake areas under 
non-outdraft conditions 60 to 70 percent of the time. Subsequent discussion with the U.S. Coast 
Guard and navigation industry lead to increasing the size of switchboats to 1,800 to 2,400 
horsepower to allow a greater margin of safety. 

Recreational traffic has been growing and increasingly conflicting with commercial users. Below 
the lock, no landings are available on the Illinois side for approximately 18 miles. The St. Louis 
District did try recreational scheduling at the site in 1980, with no noticeable benefit. See the 
recreational scheduling writeup in Section 4 for details. 

Melvin Price Locks & Dam, Alton, Illinois 

. Description 

Mel Price has two lock chambers located near the Illinois bank and in the channel at RM 200.8 
near the town of Alton, Illinois. The main lock has a usable chamber 110 feet wide and 1,200 feet 
long. An auxiliary lock, 110 feet wide and 600 feet long, is also available at the site. The 
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auxiliary lock has upper and lower guidewalls of approximately 1,200 feet. The lift at the site is 
16 feet. Plate 17 in Appendix C shows the site and potential measures. 

. Approach Conditions/Locations 

Mel Price is the newest lock on the Upper Mississippi River System. The placement of the main 
chamber out in the channel with gates on both sides allows the lock staff to control outdraft under 
most conditions. As a result, approach assistance is almost never required. 

Unner Annroach/Downbound: Fly lockages approach point is generally recorded at RM 202.5. 
Exchange lockages points vary, but tows typically pass in the 
channel at RM 202.0 out in the channel. 

Lower Annroach/Upbound: Fly and exchange lockages approach points are at approximate 
RM 199.6. 

. Measures Under Consideration 

At Mel Price Locks, only a few improvement measures are currently under consideration. Due to 
the presence of a 1,200-foot chamber and 1,200-foot guidewalls at the 600-foot lock, switchboats 
with remote remake were considered unnecessary. In addition, no approach improvements or 
guidewall extensions are required. The Table 3- 15 summarizes the expected cost and time savings 
for this site related to the following measures. 

. Adjacent Moorings 

Currently downbound tows do not have a formal mooring, and development and fleeting in the 
area above the locks reduces potential mooring areas. Some bank anchors at approximately 
RM 204.0 would provide tows with an area to wait during periods of congestion. 

The addition of a dedicated mooring in the channel or along the bank at RM 200.6 on the left 
descending side has the potential to bring tows approximately 1 mile closer to the lock. 

Upper AnproacWDownbound: A bank anchor or series of bank anchors could be provided for 
tows along the left descending bank at RM 204.0. 

Lower ApproacWIJpbound: Mooring or bank anchors could be added at RM 200.6 along the 
left descending side. 

. Approach Improvements and GuidewalllGuardwall Extensions 

No approach improvements were identified for Mel Price Lock. 

. Remote Remake Areas 

Not applicable to site. 
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TABLE 3.15: COST AND TIME SAVINGS OF MEASURES AT MEL PRICE LOCK (AUX. LOCK) 
I 

Measure cost 1’ 
Helper Boat $640,00O/boaVyr 

Time Savings to 
Waiting Tows 2’ 

N/A 

Comments 
Good approach, limited additional savings 

.I I 

Switchboat 

lndustrv Self Helo 

Tolls and Time 
Charges 

$1.13-$1.33 mil/boat/yr 

%O/hour for fuel 
$500k initially/cell 
$465,000* initially 
$235,000* annually 

N/A 

N/A 

posslole. 
Switchboats, while not currently used, only 
needed during main lock closure. 
Se If help or switchboats currently required 

1 during main lock closure. 
1 Roughly same cost for all fee measures - 

I  

Publish Lockage 1 $65,000’ annually 
I 
1 Limited 

includes coordination, setting charge, 
implementation. 
Very difficult to estimate time savings 

Times 
Recreational Craft 
Scheduling 
Ret Boat Landings 

Schedulina Proaram 

$520,000* initially 
$35,000* annually 
$270,000 initially 
$12,500 annually 
$550.000* initiallv 

1 $35,d00* annualiy 
I US: $750.000 initiallv 

Limited 

Limited 

Limited 

1 TBD 

Cost includes public meetings, signage, and 
public awareness 
Only considering a site below the lock 

Time savings/delav reduction depends on 
’ 1 method used 

1 Helper boat used now when main lock is 
Powered Kevels closed. Existing guidewall is 1,200 ft. 

DS: $750,000 initially TBD Helper boat used now when main lock is 
closed. Existing guidewail is 1,200 ft. 

US: $360,000 initially TBD Helper boat used now when main lock is 
Unpowered Kevels closed. Existing guidewall is 1,200 ft. 

DS: $360.000 initially TBD Helper boat used now when main lock is 
closed. Existing guidewall is 1,200 ft. 

DS Mooring RM 200.6 $50,000 initially 13 min. UB EXCH Left bank 
APRCH 

Permanent Deck $4,0001barge initially 4 min. all DBL System cost TBD 
Winches 
Additional Personnel $1,20O/day/lock 3 min. all DBL Implement during lock congestion periods 
Powered Ratchet $7,50O/unit initially 5 min. all DEL One unit per DBL tow 
Wrench 
Approach 
Improvements: None 
Identified 
1’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification 
2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. 
Time savings shown are for tows waiting in queue The actual tow may experience smaller savings, since in some cases the same operations are 
performed, only the location is moved 

* Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
US - Upstream TREK - Turnback Lockages Only 
DS - Downstream DBL - Double Lockages 
TBD -To Be Determined 

n Other Site Information 

Helper boats are rarely used at this site and only provide approach assistance to 1 to 2 percent of 
tows using the facility. 

Scheduling is not typically required, and self help is only implemented in situations were the main 
lock chamber is closed and all tows must use the 600-foot chamber. 

Recreational traffic above the lock is relatively heavy, and several marinas and landings are 
available. While a recreational boat landing is available immediately below the lock on the 
right descending bank, the condition of the facility and site make it difficult to use. There 
is some potential that an additional landing below the lock would allow some craft wanting 
to use the lower pool or Missouri River to avoid locking through. 
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Locks & Dam 27, Granite City, Illinois 

. Description 

Locks and Dam 27 is located in the Chain of Rocks Canal at RM 185.5 near the town of Granite 
City, Illinois. The site has two chambers. The main chamber is 110 feet wide and 1,200 feet long, 
while a second chamber is 110 feet wide by 600 feet long. The intermediate wall extends 
upstream approximately 600 feet, providing a guidewall for tows approaching either lock to use. 
Below the locks a 600-foot guidewall located along the left descending bank is available for the 
main lock chamber. However, the lower 600 feet of the main lockwall can be used as a guidewall 
in approaching the 600-foot lock. The lift at the site is approximately 10 feet, but varies 
considerably based on the discharge of the Upper Mississippi River, Illinois Waterway, and 
Missouri River. 

. Approach Conditions/Locations 

Due to the location of the locks in the canal, no outdraft conditions are present; however, at times 
wind can cause some problems. 

Upper Approach/Downbound: Fly lockages approach point is generally recorded at RM 186.5. 
Exchange lockages vary, but typically occur considerably closer. 

Lower ApproachKJpbound: Fly lockages approach point is at RM 183 .O in St. Louis harbor. 
Exchange lockage approach points vary, but tows can wait along 
the right descending bank near the lower end of the canal at 
RM 184.3 to 185.0. 

. Measures Under Consideration 

At this site, all measures are not currently under consideration. The following table summarizes 
the expected cost and time savings by measure for this site. 

. Adjacent Moorings 

Above the locks, several old bank anchors are available along the canal. While in need of 
replacement, they continue to provide some formal moorings. Below the lock and in many areas 
above, tows simply push into the bank while awaiting lockage. 

Upper ApproacWDownbound: Some replacement of damaged bank anchors could be conducted. 

Lower AnnroachNnbound: Could provide bank anchors along right descending bank near the 
lower end of the canal at RM 184.3 to 185.0. 

l Approach Improvements and GuidewaWGuardwall Extensions 

Upper Lock Aoproach: The approach in the canal is generally good; however, extending the 
existing guidewall an additional 600 feet or at a minimum adding an additional cell 400 feet above 
the existing cell upstream of the intermediate wall would provide some benefits. 
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Lower Lock Approach: No specific improvement was identified, other than when the main 
chamber is down, spud barges could be added to extend the lower wall, allowing tows to remake 
outside of the chamber along the extended lower wall. 

. Remote Remake Areas 

Several areas above the lock on either side of the channel could be explored as remake areas. 

Below the lock, tows could be remade along waiting tows or some flat surface placed along the 
right descending bank. However, remaking tows in this area is likely to limit the ability of 
upbound tows to get through and approach the lock due to the bend in the canal and relatively 
narrow channel widths. 

TABLE 3-16: 

DS: Not recommended Tow haulage design must accommodate 

DS: Not recommended h for “normal” kevel/rail 

owev~r, severa co 
ince in some cases 

DBL - Double Lockages 
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n Other Site Information 

Currently helper boats are very rarely available at the lock, and conditions seldom require their use 
due to the absence of outdraft in the canal. 

Scheduling (4-up/4-down) is used fairly regularly, and at times the lock may go to 6-up/6-down or 
12-up/l2-down in coordination with Mel Price. Industry self help is typically only required when 
the main 1,200-foot lock goes down. 

Currently there are not significant lock usage conflicts between commercial and recreational users 
due to the present high level of commercial traffic and lack of desirable recreational use areas. 
The majority of the recreational traffic utilizing the site is larger craft moving long distances in the 
spring and fall. 

ILLINOIS WATERWAY LOCKS 

La Grange Lock, Versailles, Illinois 

n Description 

La Grange lock is located at Illinois RM 80.2 on the right descending bank near the town of 
Versailles, Illinois. The lock has a usable chamber 110 feet wide and 600 feet long with a lift of 
10 feet. The site includes a 625foot upstream guidewall and a 550-foot lower guidewall. The 
dam is constructed of wicket gates that can be lowered during higher flows, providing an open 
pass condition, where tows can transit the area without locking through the chamber. Plate 27 in 
Appendix C shows the site and potential improvements. 

n Approach Conditions/Locations 

The dam consists of an go-foot-wide tainter gate and 109 wicket gates 4 feet wide. Open pass 
exists about 40 to 50 percent of the time. The tainter gate has helped to lessen the magnitude of 
the outdraft. Lower flow velocities (l-2 fps) allow easier maneuvering for tows on their 
downbound approach as they tuck into the pocket of water above the lock. The lock is located on 
the outside of a bend in the river and the natural flow “pins” tows to the right descending bank. 

The following approach locations are the typical river miles were the fly and exchange approaches 
are considered to start. 

Upper ApnroaWDownbound: Fly lockages approach point is recorded at RM 8 1 .O; during open 
pass the fly is recorded at the end of the bullnose. 
Exchange lockages typically wait at RM 8 1.2. 

Lower ApproacWUpbound: Fly lockages approach point is at RM 78.8. 
Exchange lockages typically occur at RM 79.7. 

n Measures Under Consideration 

At La Grange Lock, the following measures are currently under consideration: 
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TABLE 3-17: COST AND TIME SAVINGS OF MEASURES AT LA GRANGE LOCK 

Measure 
Helper Boat 
Switchboat 
w/Guidewall 

Time Savings to 
cost ,I’ Waiting Tows 2’ Comments 

$640,00O/boat/year Limited Outdraft not a problem under most flows. 
$1 .I 3 mil/boat/yr US: 21 min. TRBK DBL Remake time savings possible all flows with 
$3.2 to $12.0 mil initiallgw DS: 29 min. TRBK DBL adequate horsepower. 

Extension ext 
Switchboat w/Remote $1.33 mil/boat/yr US: 21 min. all DBL Remake time savings possible all flows with 
Remake & 300’ US $3.7 mil initially/moor DS: 29 min. all DBL adequate horsepower. 
Guidewalls $2.1 to $5.8 mil initial/gw 

ext 3’ 
Industry Self Help $50/hour for fuel 
w/Moorinas or $500k initiallv/cell 

US: 17 min. all DBL 
DS: 25 min. all DBL 

Remake time savings possible all flows with 
adequate horsepower, except would not back 

GuidewaljExt. 
Tolls and Time 

GW costs same above 1 cutsUS during outdraft without wall ext. 
1 $465.000’ initiallv 1 TBD 1 Roughly same cost for all fee measures - 

Charges 

Publish Lockage 
Times 
Recreational Craft 
Scheduling 
Ret Boat Landings 

$2351000’ annually 

$65,000* annually 

$520,000* initially 
j $35,000* annually 
1 $270,000 initially 

Limited 

Limited 

( Limited 

includes coordination, setting charge, 
implementation. 
Very difficult to estimate time savings 

Cost includes public meetings, signage, and 
public awareness 

1 Additional sites above and below lock under 

Scheduling Program 

Powered Kevels 

$12,500 annually 
$550,000* initially 
$35,000* annually 
US: $12.1 *’ mil initiallv 

Limited 

US: 7 min. TRBK DBL 

consideration 
Time savings/delay reduction depends on 
method used 
Does not include ext guidewall costs 

w/Ext Guidewalls 
Powered Kevels 

DS: $12.4 *’ mil initially ( DS: 11 min. TRBK DBL Does not include ext guidewall costs 
1 US: $12.2 *’ mil initially 1 US: 21 min. TRBK DBL 1 Annual cost increase associated with 

w/Ext Guidewalls & DS: $12.4 5’ mil initially DS: 25 min. TRBK DBL additional personnel 
Addl Personnel Plus $518,000 annually I 

per lock 
US: $11.6 2’ mil initially 6 min. TRBK DBL Cost of extending unpowered kevels is 

22 min. TRBK SETOVER $240,000 initially 
Unpowered Kevels 5 min. TRBK KNOCKOUT 
W/Ext Guidewalls DS: $12.0 41 mil initially 6 min. TRBK DBL Cost of unpowered kevels is $360,000 initially 

22 min.TRBK SETOVER 
8 min. TRBK KNOCKOUT 

US Mooring RM 80.4 $500,000 initially 7 min. DB EXCH APRCH Right bank 
Permanent Deck $4,0001barge initially 4 min. all DBL System cost TBD 
Winches 
Additional Personnel ] $1,20O/day/lock 
Powered Ratchet ] $7,50O/unit initially 

3 min. all DBL 
5 min. all DBL 

Implement during lock congestion periods 
One unit per DBL tow 

Wrench 
Approach 1 $150,000 to $22.9 $’ mil. 1 TBD I Model study to confirm 
Improvements 
Various Options: 

initially 

1’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 
2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. Trme 
savings shown are for tows waiting in queue. The actual tow may experience smaller savings, since in some cases the same operations are performed. 
only the location is moved. 
3’ Costs of 300-foot wall extensions approximated by one-half cost of 600-foot US wall. 
4’ Impacts to navigation during construction are significant. See Section 4 

* Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock 
US - Upstream TREK - Turnback Lockages Only 
DS - Downstream DBL - Double Lockages 
TBD -To Be Determined 
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n Adjacent Moorings 

On the upper approach, the addition of a mooring would allow tows to wait closer to the lock. An 
anchor at RM 80.9 formerly provided a mooring but it is no longer usable. Improving this area 
would allow for tows to exchange approximately 0.3 mile closer to the lock or 0.5 mile closer 
from RM 80.9 if the channel were widened above the lock. 

Below the lock, several tows are able to wait near the lock starting at RM 79.7 on the right 
descending bank. However, these sites lack formal moorings which, if available, could assist in 
protecting the bank. 

Uuner AnnroachDownbound: A mooring could be added above the lock at RM 80.9 or RM 80.4. 

Lower AuwroachNnbound: Could formalize current waiting areas by placing several 
moorings from RM 79.7 downstream along the right descending 
bank. 

. Approach Improvements and Guidewall/Guardwall Extensions 

Uwper Lock Aunroach: With open pass conditions present 40 to 50 percent of the time, the lock is 
used when flows are typically lower and currents not as fast as those on the Upper Mississippi 
River. In general, tows can maneuver more easily on their approach to the lock. The criteria of 
providing a straight approach for two tow lengths (2,400 feet) above an extended guidewall or 
1,200-foot guardwall may be relaxed because of the lower flow velocities. Channel improvements 
include excavating and widening the channel and adding five wing dikes along the left descending 
bank. These channel measures give some improvement to the approach and in combination with 
the guidewall extended give added safety to the approach. A lock guardwall requires additional 
channel widening, along with the five dikes and removal of the existing guidewall. The lock 
guardwall with channel improvements provides a safer lock approach. A reduction in approach 
time is questionable; however, since during higher river flows when outdraft impacts the approach 
to the lock, tows use open pass and bypass the lock. With a new 1,200-foot guardwall, there is 
less than one tow length of straight approach above the guardwall. 

Lower Lock Approach: The guidewall extended along with a trail dike off the end of the 
rivet-ward lockwall has a relative improvement potential for downbound tows exiting the 
guidewall. The extended guidewall offers some approach improvement potential for upbound 
tows. 

n Remote Remake Areas 

Due to the limited channel width and large variability in flows, remote remake areas are not as 
attractive at this site compared to the Upper Mississippi River. However, locations are available. 

Uwwer AwwroachKJwbound: A remake area could be added on the right descending bank at 
RM 81.2. 

Lower Awproach/Downbound: A remake area could be added on the right descending bank at 
RM 79.5. 
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. Other Site Information 

Helper boats are not regularly available at La Grange lock and must travel approximately 8 miles 
to reach the site. The boats that are typically available range from 800 to 1,100 horsepower. They 
provide assistance to an average of 50 to 60 percent of downbound approaches. The time savings 
for this assistance is estimated at well over 15 to 30 minutes during outdraft conditions, but time 
savings is minimal during normal flows. 

Scheduling is used most regularly during winter navigation from November to February when it is 
used approximately 20 percent of the time. Industry self help implementation typically occurs 
when scheduling is required. The majority of the time, the industry boat simply pulls the cut out 
along the wall. This does not result in moving the remake operation out of the chamber. On a 
much more limited basis, cuts are pulled from the lock chamber and put back together along the 
number one tow waiting to lock in the opposite direction or along the existing guidewall by 
pulling the cut to the last pin on the wall. Construction of moorings for tows to tie off would 
improve safety in the operation of self-help. 

The lo&master estimated that, if switchboats were used to pull cuts at the site, approximately a 
1,500- to 2,000-horsepower boat would be needed above the lock and a 1,200-horsepower boat 
below. With adequate horsepower, the switchboats should be able to pull cuts under all 
conditions. Subsequent discussion with the U.S. Coast Guard and navigation industry lead to 
increasing the size of switchboats to 1,800 to 2,400 horsepower to allow a greater margin of 
safety. 

Recreational traffic remains at relatively low levels and currently is not resulting in major conflicts 
at the lock sites. However, the nearest recreational landings are 8 to 9 miles upstream and 
downstream. 

Peoria Lock, Peoria, Illinois 

n Description 

Peoria Lock is located at RM 157.7 on the left descending bank near the city of Peoria, Illinois. 
The lock has a usable chamber 110 feet wide and 600 feet long with a lift of 11 feet. The site 
includes a 500-foot upstream guidewall and a 500-foot lower guidewall. The dam is constructed 
of wicket gates that can be lowered during higher flows, allowing tows to transit the area without 
locking through the chamber. Plate 26 in Appendix C shows the site and potential improvements. 

. Approach Conditions/Locations 

The dam consists of an go-foot-wide tainter gate and 108 wicket gates 4 feet wide. Open pass 
exists about 40 percent of the time. Lower flow velocities are typical when the lock is in use, 
allowing easier maneuvering by tows above the lock on their downbound approach. 

Upper AnproacMDownbound: Fly lockages approach point is at Rh4 158.5. 
Exchange lockages typically occur at RM 158.0, just above the 
I-474 bridge. The next exchange site is at RM 160.5. 

Lower AnproachKJpbound: Fly lockages approach point is located at RM 156.5. 
Exchange lockages typically occur at RM 156.8, but can vary 
from RM 157.5 to 156.0 depending on flows. 
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. Measures Under Consideration 

At Peoria Lock, the following measures are currently under consideration: 

TABLE 3-18: COST AND TIME SAVINGS OF MEASURES AT PEORIA LOCK 

Measure 
Helper Boat 
Switchboat 
w/Guidewall 

cost l’ 
$640,00O/boatlyear 
$1.13 mil/boat/yr 
$3.2 to $13.4 mil 

Time Savings to 
Waiting Tows 2’ 

Limited 
US: 23 min. TRBK DBL 
DS: 28 min. TRBK DBL 

Comments 
Outdraft not a problem under most flows. 
Remake time savings possible all flows 
with adequate horsepower. DS bank 

Extension initial/gw ext excavation required. 
Switchboat w/Remote $1.33 mil/boat/yr US: 23 min. all DBL (no site) Remake time savings possible all flows 
Remake & 300’ US $3.7 mil initially/moor DS: 28 min. all DBL with adequate horsepower. 
Guidewalls $2.1 to $6.3 mil initial/gw 

ext 3! 
Industry Self Help 
w/Moorings or 
Guidewall Ext. 

$50/hour for fuel 
$500k initially/cell 
GW costs same above 

US: 19 min. all DBL (no site) 
DS: 24 min. all DBL 

Remake time savings possible all flows 
with adequate horsepower, except would 
not back cuts US during outdraft without 
wall ext. 

Tolls and Time 
Charges 

$465,000* initially 
$235,000* annually 

TBD Roughly same cost for all fee measures - 
includes coordination, setting charge, 
implementation. 

Publish Lockage $65,000* annually Limited Very difficult to estimate time savings 
Times 
Recreational Craft $520,000* initially Limited Cost includes public meetings, signage, 
Scheduling $35,000* annually and public awareness 
Ret Boat Landings N/A N/A Adequate sites available 
Scheduling Program $550,000* initially Limited Time savings/delay reduction depends on 

$35,000* annually method used 
Powered Kevels w/Ext US: $13.2 41 mil initially US: 8 min. TRBK DBL Cost of powered kevel is $750,00O/wall 
Guidewalls DS: $13.8 5’ mil initially DS: 12 min. TRBK DBL 
Powered Kevels w/Ext US: $13.2 9’ mil initially US: 22 min. TRBK DBL Annual cost increase associated with 
Guidewalls & Addl DS: $13.8 9’ mil initially DS: 26 min. TRBK DBL additional personnel 
Personnel Plus $518,000 annually 

per lock 
US: $12.7 41 mil initially 6 min. TRBK DBL Cost of extending unpowered kevels is 

28 min. TRBK SETOVER $240,000 initially 
Unpowered Kevels 8 min. TRBK KNOCKOUT 
W/Ext Guidewalls DS: $13.4 *’ mil initially 6 min. TRBK DBL Cost of unpowered kevels is $360,000 

28 min.TRBK SETOVER initially 
8 min. TRBK KNOCKOUT 

Permanent Deck 
Winches 
Additional Personnel 
Powered Ratchet 
Wrench 
Approach 
Improvements 

$4,00O/barge initially 

$1,20O/day/lock 
$7,50O/unit initially 

$350,000 

4 min. all DBL 

3 min. all DBL 
5 min. all DBL 

Limited 

System cost TBD 

Implement during lock congestion periods 
One unit per DBL tow 

Upstream vane dikes 

1’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 
2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. Time 
savings shown are for tows waiting in queue. The actual tow may experience smaller savings, since in some cases the same operations are performed. 
only the location is moved. 
2’ Costs of 300-foot wall extensions approximated by one-half cost of 600-foot US wall 
3’ Impacts to navigation during construction are significant See Section 4. 

* Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
US - Upstream TRBK Turnback Lockages Only 
DS - Downstream DBL - Double Lockages 
TBD -To Be Determined 
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n Adjacent Moorings 

On the upper approach, the addition of a mooring would not allow tows to get closer to the lock. 
If the waiting area at RM 158.0 is eliminated, tows will be forced to move 2.5 miles upriver to 
RM 160.5 to wait, increasing total exchange times up to 40 to 60 minutes. As a result, a formal 
mooring near RM 158.0 should be pursued and developed. 

Below the lock, tows are able to wait near the lock starting from RM 157.5 to 156.0 on the 
left descending bank. However, these sites lack formal moorings that could protect the shore. 

Upper ApproacWDownbound: A mooring could be added above the lock at RM 158.0. 

Lower ApuroacWUpbound: Could formalize current waiting areas by placing several 
moorings from RM 157.5 on down along the left descending 
bank. 

. Approach improvements and GuidewalVGuardwall Extensions 

Upper Lock Approach: Open pass exists at this lock about 40 percent of the time. Channel 
improvement includes the addition of wing dikes or vane dikes above the guidewall, extended to 
400 feet upstream of and encasing the I-474 Bridge piers, to align currents with the lock and 
increase safety approaching the bridge piers. The commercial docks along the left descending 
bank above the I-474 Bridge may limit the placement of control dikes. A lock guardwall is not 
recommended at this site because of its proximity to the I-474 Bridge piers and resultant width 
restriction at the guardwall entrance. The upper approach area has become more congested with 
the increased fleeting activities just above the lock along the right descending bank. 

Lower Lock Approach: No channel improvements are recommended. 

. Remote Remake Areas 

Finding a suitable site for a remake area above the lock may present some difliculties. Sites are 
limited due to the presence of a bridge, fleeting areas, docks, and other adjacent uses. If the use of 
switchboats appears to provide significant benefits following further analysis, a specific site could 
be identified. 

Below the lock a number of potential sites are available, but a site on the opposite bank below 
RM 157.0 would be preferred. 

Upper ApuroacWUpbound: Identifying a suitable remake area would require additional 
analysis. 

Lower ApvroachJDownbound: A remake area could be added on the right descending bank below 
RM 157.0. 

. Other Site Information 

Helper boats are regularly available at Peoria Lock. They provide assistance to an average of 
30 percent of downbound approaches, but approximately 80 percent use assistance during outdraft 
or ice conditions. If an extended guidewall were present at the site, helper boats should be able to 
pull cuts along the wall in all conditions, except during heavy ice conditions when a switchboat or 
line haul boat would be required. Subsequent discussion with the U.S. Coast Guard and 

3-55 



UMR-IWW System Navigation Study Detailed Assessment of Small Scale Measures 

navigation industry lead to increasing the size of switchboats to 1,800 to 2,400 horsepower to 
allow a greater margin of safety. 

Scheduling is used most regularly during winter navigation from November to February when it is 
used well over 50 percent of the time. Industry self help implementation typically occurs when 
scheduling is required. As part of the implementing self help, cuts are typically pulled from the 
lock chamber out along the existing guidewall, but remake time savings is not realized. On a more 
limited basis, the cuts are pulled out for remote remake and put back together along a tow waiting 
to lock in the opposite direction. 

Recreational traffic is significant at the site with larger marina-based boats constituting a high 
percentage of the total traffic. Recreational landings are available near the lock site. 

Starved Rock Lock, Ottawa, Illinois 

n Description 

Starved Rock Lock is located at RM 23 1 .O along the right descending bank near Ottawa, Illinois. 
The lock has a chamber 110 feet wide (with 108 feet of usable width). The chamber is 600 feet 
long with a lift of about 18 feet. The site includes a 598-foot upstream guidewall and a 594-foot 
lower guidewall. The site has a number of mooring cells upstream of the lock. Plate 25 in 
Appendix C shows the site and location of proposed measures. 

. Approach Conditions/Locations 

No major difficulties exist with the downbound lock approach. The channel is wide enough to 
provide good passing areas above the lock. The upbound approach is through a much narrower 
channel along Plum Island where siltation is a chronic problem. Tows normally wait along Plum 
Island, but two tows typically cannot both be under power when passing along Plum Island 
because of the narrow channel. Tows waiting downstream near the railroad bridge take an extra 
20 minutes to an hour for the approach. Closer to the lock, outdraft from the dam at Leopold 
Island pushes tows into the right bank. Tows have hit the end of the lower guidewall because of 
this, yet tows must stay close to the guidewall because of shallow water just river-ward of the 
guidewall. 

Upper Approach/Downbound: Fly lockages approach point is the Starved Rock Marina at 
RM 233.3. Exchange point is at the mooring cells at RM 231.5. 
During high flows (gate opening above 18 feet), tows cannot wait 
at these cells because they can not get off them due to outdraft. 
The next waiting spot is at the Delbridge Island Light and 
Daymark (L&D) at RM 233.0. 

Lower Approach/Unbound: Fly lockages are generally recorded at the red buoy along the left 
descending riverbank at RM 230.6. 
Exchange point is along Plum Island at about RM 230.4. 
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. Measures Under Consideration 

At Starved Rock Lock, the following measures are currently under consideration: 

TABLE 3-19: COST AND TIME SAVINGS OF MEASURES AT STARVED ROCK LOCK 

Time Savings to 
Measure cost 1’ Waiting Tows 2’ Comments 

Helper Boat $640,00O/boat/year Limited Outdraft not a problem under most 
flows. 

Switchboat $1 .I 3 mil/boat/yr US: 23 min. TRBK DBL Remake time savings possible all flows 
w/Guidewall $3.2 to $11 ,I !’ mil initial/gw ext DS: 25 min. TRBK DBL with adequate horsepower. DS bank 
Extension excavation required. 
Switchboat w/Remote $1.33 mil/boaffyr US: 23 min. all DBL Remake time savings possible all flows 
Remake & 300’ US $3.7 mil initially/moor DS: 25 min. all DBL with adequate horsepower. 
Guidewalls $2.1 to $4.8 i’ mil initiallgw ext 2’ 
Industry Self Help $50/hour for fuel US: 19 min. all DBL Remake time savings possible all flows 
w/Moorings or $500k initially/cell DS: 21 min. all DBL with adequate horsepower, except 
Guidewall Ext. GW costs same above would not back cuts US during outdraft 

without wall ext. 
Tolls and Time $465,000* initially TBD Roughly same cost for all fee measures 

$235,000* annually - includes coordination, setting charge, 

Unpowered Kevels 
W/Ext Guidewalls 

2’ Costs of 300-foot wall extensions approximated by one-half cost of 600-foot US wall. 
4’ Impacts to navigation during construction are significant See Section 4. 
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. Adjacent Moorings 

Mooring facilities at the waiting areas listed above would reduce riverbank damage, but their use 
below the lock is contingent on controlling the siltation problem since the channel is too narrow 
and tows may not access facilities if they become silted in. Placement of facilities would not bring 
tows closer to the lock. 

Below the lock, tows presently push into the bank along Plum Island with attendant resource 
damage. Tow waiting areas, in addition to the exchange point on the left descending bank at 
RM 230.4, include the right bank at RM 230 (because of the shallow area along Plum Island) and 
the area below the highway bridge at RM 229.3. Additional mooring cells below the highway 
bridge would help. 

The lockmaster indicated that three cells placed along the right descending bank at RM 23 1.6 
could be used to secure barges while the towboat pulls cuts at the lock, and these cells could 
shorten exchange times during high water when tows normally wait at RM 233.3. 

Upper Approach/Downbound: Mooring cells are available above the lock at FWI 23 1.5, but a 
mooring could be provided for tows waiting at RM 233.3. 

Lower ApnroachKJpbound: Could formalize current waiting areas by placing moorings at RM 
230.4 on the left bank, near RM 230.0 on the right bank, and RM 
229.3 on the left bank. 

n Approach Improvements and GuidewalVGuardwall Extensions 

Industry does not believe there is a large approach time savings with either an upper or lower 
guidewall extension. It is more important to maintain/improve the lower channel. Concern is for 
safety. The first cut pulled an additional 600 feet along a lower guidewall extension would be 
exposed to outdraft. In lieu of extended guidewalls, could use two cells at the 200- and 400-foot 
mark from the end of the existing guidewalls with tow makeup still on the existing guidewall flat 
surface. 

Upper Lock Approach: No extreme difficulties were noted for the downbound approach during a 
December 1996 site visit with the lockmaster and navigation industry representative. An upper 
guidewall extension adds little improvement to the approach time. 

Lower Lock Approach: Channel improvements include the addition of a closure structure, 
comprised of 100-foot-long vane dikes with 50-foot openings to control the outflow from the dam 
into the navigation channel and possibly lessen the siltation. This should be studied as part of any 
detailed improvement plan. 

Two alignment cells could be added at the end of the existing lower left short wall to help 
upbound tows flatten out as suggested during the site visit in lieu of a guidewall extension. A 
solid guidewall extension provides little added improvement to the upbound approach. 
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. Remote Remake Areas 

The use of switchboats is highly questionable, since there are no remote remake areas near the 
lock that do not block exchange lockages. One potential option for remaking out of the chamber 
would be to pull cuts to the last checkpost on the existing wall, dredge the remake area, or take the 
cuts below the highway bridge for remake. 

Uuner Approach/Unbound: Identifying a suitable remake area would require additional 
analysis. 

Lower ApnroacWDownbound: Identifying a suitable remake area would require additional 
analysis. 

. Other Site Information 

Currently there is not enough demand to keep a helper boat at the site. Begin to use at 15.5 feet of 
gate opening. Boats are available at Ottawa (approximately 45 minutes of travel time, 6-9 RM 
upstream). Most boats are in the 800 horsepower range. Cost for their assistance is $150 per hour 
(charged for travel time as well, making total cost approximately $300 per assistance). Helper 
boats with 800 horsepower could be used to pull cuts along the existing guidewall or the last pin 
on the guidewall and hold the cut during remake without blocking the chamber. Additional cells 
off the end of the upper guidewall at 200,400, and 600 feet would assist in holding cuts for 
remake. Helper boats are used to move ice and are also needed during windy conditions. 

Scheduling is not typically required. Scheduling is used perhaps a couple of times a year during 
high flows, ice conditions, or extreme traffic. 

Self help has potential at this site. Self help is presently used during heavy ice periods. The 
navigation industry representative indicated that additional mooring cells would make tow 
operators more willing to leave their unpowered barges and assist in pulling cuts. 

Some recreational craft conflicts exist and they are increasing. There are adequate recreational 
craft landings at this site. Most boaters use the State Park access and the 66 river miles to the 
Peoria Lock and Dam. A major problem is that not all recreational craft have radios or they use 
different channels. This makes it difficult for lock personnel to get all recreational boats 
effectively into the chamber for an efficient multiple recreational craft lockage. Education and 
proper usage of the radio around the lock are key issues. 

During year-round navigation, ice problems greatly impact lock operations. Bubblers at the 
remake area may improve lockage efficiency. 

The lockmaster would like improved lighting in the remake areas. The current 400 watt lights are 
not comparable to the newer lock sites with 2,000 watt floodlights. This would improve safety 
and efficiency in remaking couplings at night. 

The lockmaster would also like to see two additional floating timber heads on the landside of the 
lock and an additional ladder on the lower guidewall to assist the crew in accessing the powered 
cut. 
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Marseilles Lock, Marseilles, Illinois 

. Description 

Marseilles Lock is located at RM 244.6 at the downstream end of the Marseilles Canal. The lock 
has a usable chamber 110 feet wide and 600 feet long with a lift of 24.3 feet. The site includes a 
600-foot upstream guidewall and a 597-foot lower guidewall. This site is identified as the major 
bottleneck on the Illinois Waterway because of the 2.5-mile approach canal above the lock which 
is shallow and narrow and prevents tows from passing. Plates 22 through 24 in Appendix C show 
the site and potential improvements. 

m Approach Conditions/Locations 

Channel soundings taken in March-May 1996 show the 2.5-mile downbound approach channel 
varies from 100 to 200 feet wide and not much more than 10 to 11 feet deep below flat pool in 
isolated areas. Since tows cannot pass, a downbound tow must wait above the highway bridge at 
Marseilles for an exchange with an upbound tow. It takes an upbound tow about 45 to 50 minutes 
to travel to this point from the lock, and the downbound tow another 45 to 50 minutes to reach the 
lock. Depending on its arrival time, a downbound tow can sometimes (60 to 75 percent of the 
time) get to the mooring piers just above the lock for an exchange there. The tumback approach 
can also be just above the lock at the existing mooring piers. The narrow, shallow channel also 
causes a problem when the lock is filling, using water from the canal. Tows must reverse engines 
and use caution on their approach as the water level above the lock can drop 8 to 12 inches during 
the filling process. Compared to improvements at other Illinois Waterway locks, it is estimated 
that channel improvements to include channel widening to 300 feet with a minimum depth of 11 
feet would be a lO+ on a 1 to 10 scale of all other potential improvements on the Illinois 
Waterway. Dredging selected areas along the 2.5-mile canal to provide passing zones would 
benefit also and is estimated at a 5 on the 1 to 10 improvement scale. A passing area is best placed 
about halfway down the canal. Any proposed dredging is faced with the difficulty of identifying 
dredged material placement sites. 

The bridge upstream at Marseilles was thought to be a restriction at the canal entrance but the 
bridge is being replaced. New bridge pier locations provide some added channel span width but 
not a 300-foot passing width. 

Below the lock, approach and exit tows have difficulty navigating past the existing cells along the 
left descending riverbank at 20 to 25 feet of gate opening at the dam due to currents coming 
around the island from the dam. The cells are considered to be a hazard to navigation. If tows do 
manage to get to these cells, they are in the way of downbound tows. A shoaling area on the right 
side below the lock at RM 244.2 prevents tows from bearing right as they leave the lock. A barge 
at the chemical dock at RM 244 also presents some hindrance to navigation but on a limited scale. 
The lockmaster commented that during high water the lower guidewall becomes submerged and 
the lock implements a 70-foot-width restriction to avoid potential damage to the railing and light 
posts along the wall. However, these conditions only occur about 2 percent of the time. 

Uuner ApnroacWDownbound: Fly lockages arrival point is the Canal Light and Daymark 
RM 245.6, about 1 mile above the lock; however, tows call in 
their approach at Ballard’s Island at RM 248.0. 
Exchange lockage point is either at Ballard’s Island or just above 
the lock on mooring piers at RM 244.7. 
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Lower AuuroachUnbound: Fly and exchange lockages approach points both generally occur 
at the Marseilles Lock Daymark at RM 243.3. 

n Measures Under Consideration 

At Marseilles Lock, the measures shown in Table 3-20 are currently under consideration. 

n Adjacent Moorings 

Mooring facilities at the waiting areas at Ballard’s Island and below the lock at RM 242.0 and 
243.3 would not bring traffic closer to the lock but would lessen resource damage to the riverbank. 
It takes about 45 to 50 minutes to reach the lock from Ballard’s Island. If a tow is exiting the lock 
upstream, it can take 1 hour and 30 minutes or more for an exchange (45 to 50 minutes for the 
exiting tow to reach Ballard’s Island and another 45 to 50 minutes for the downbound approach), 
during which time the lock is not being used. However, if the downbound tow can get to the 
mooring cells above the lock before the upbound exit, the exchange time is greatly reduced. There 
is only room for one tow to wait on the piers above the lock. However, adjacent moorings in 
combination with channel widening in the canal could provide intermediate exchange locations 
and reduce the number of times tows must wait at Ballard’s Island. 

Below the lock, upbound tows wait at the Daymark on the left bank RM 243.3 or at RM 242.0 
on the left bank. There are no mooring facilities at either location; tows push into the riverbank. 
Generally, the four cells below the lock are not used by the larger tows but do get occasional use 
by smaller tows and recreational traffic. 

In addition, the industry representative stated that the removal of the existing four cells above 
the lock and the four cells below the lock would constitute a site improvement, since these cells 
are thought to be a hindrance to navigation. 

Upper AuproachDownbound: A mooring cell is available above the lock at RM 244.7, but 
additional mooring could be provided in conjunction with channel 
widening on the left bank at RM 245 and 245.6-246.0. 

Lower AunroachKJnbound: Could formalize current waiting areas by placing moorings at 
RM 243.3 and 242.0 on the left bank. 

. Approach Improvements GuidewalVGuardwall Extensions 

The addition of extended guidewalls should provide some benefits at the site. The existing 
upstream guidewall is on the right and the downstream guidewall is on the left descending bank. 
The lock has very little freeboard. A cell below the bullnose in the tailwater would help the 
approach and keep the second cut of an upbound tow from being pulled off the guidewall by eddy 
currents from chamber emptying. 

Upper Lock Aunroach: Widening the 2.5-mile approach canal has been studied in the past. The 
original design width of the canal is a constant 200 feet from the lock upstream to the dam. The 
canal was needed to bypass existing rock rapids. Construction started in 1928 by the State of 
Illinois and was finished in 1933 by the Corps of Engineers. Although the project lands are owned 
by the State, the Corps has jurisdiction, control, maintenance, and operation responsibilities. The 
Corps’ Chicago District estimated the cost to widen the canal to 300 feet (width needed for tows to 
pass) to be $10.6 million in 1974. 
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TABLE 3-20: COST AND TIME SAVINGS OF MEASURES AT MARSEILLES LOCK 

$235,000* annually 

Unpowered Kevels 
W/Ext Guidewalls 

2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. Time 
savings shown are for tows waiting in queue. The actual tow may experience smaller savings, since in some cases the same operations are performed, 
only the location is tnoved 
z’ Costs of 300-foot wall extensions approximated by one-half cost of 600.foot US wall. 
!’ impacts to navigation during construction are significant. See Section 4 

’ Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
US - Upstream TRBK - Turnback Lockages Only 
IS - Downstream DBL - Double Lockages 
TBD -To Be Determined 
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Soundings taken in May 1996 show that the navigation channel within the canal has the 
following widths for a lo-foot draft condition. The first 2,000 feet upstream of the lock averages 
200 feet in width and widens to a maximum of 2.50 feet. The next 2,000 feet upstream of the lock 
averages close to 200 feet in width with a minimum of about 180 feet. The remainder of the 
channel averages only around 150 feet wide with a stretch approximately 1,000 feet long 
averaging just over 100 feet in width. This l,OOO-foot stretch is located between 8,000 and 9,000 
feet upstream of the lock (or approximately 2,000 to 3000 feet downstream of the dam). Based on 
this information, the channel has not been maintained to a constant 200-foot width. Substantial 
excavation, including some rock excavation, is required to provide a 300-foot-wide passing 
channel. 

Two passing areas along the canal are identified for consideration in lieu of complete channel 
widening to 300 feet for the 2.5-mile canal. The first passing area is immediately upstream of the 
lock from RM 244.7 to 245.4. The second passing area is about halfway along the canal from 
RM 245.6 to 246.0. Both areas require dredging for an additional lOO-foot width, approximately 
6 to 8 feet deep. Rock excavation is not anticipated at either location. Total construction cost for 
each location is $2 million. This cost, per location, includes dredging 80,000 cubic yards of 
material, two mooring/guide cells, and riprap protection along the riverbank. A dredged material 
placement site has recently been approved on Bell’s Island located immediately upstream of the 
lock. Although this site was approved for maintenance dredging, the opportunity exists for using 
this site for potential channel widening. The time savings in providing these improvements is 
estimated to be roughly proportional to the distance reduced or 60 minutes or more per exchange 
lockage (30 minutes on exit and 30 minutes on approach). 

The entrance to the canal at the bridge may be improved with vane dikes (100 feet long with 
50-foot gaps and a top elevation 2 feet above pool) to reduce outdraft. This is secondary to 
providing passing areas. Protection cells are there now. There was also some discussion on 
reviewing the chamber filling/emptying rates to see if some improvement could be realized from 
an improved rate/system. The average lift based on the 50 percent duration flow is 24 feet, and the 
existing filling/emptying rates may be kept low because of flow impacts to approaching and 
exiting tows and their first cuts. 

Lower Lock Annroach: Channel improvement, again secondary to the upper passing areas, is the 
addition of vane dikes to direct the flow at RM 244.15 away from passing tow traffic. For safety, 
it was recommended during the December 1996 lock visit that the cells below the lock along the 
left descending riverbank be removed due to difficulties in navigating past them. The cells are 
considered a hazard to navigation. 

n Remote Remake Areas 

Switchboats are not considered to be a feasible alternative as there are no logical remake areas 
away from the guidewall that do not block exchange lockages. There is some possibility to place a 
spud barge or other remake facility below the lock, but currents coming from around the island at 
RM 244.1 would likely make backing a cut nearly impossible without some channel work. There 
is some potential that a remake area could be located at the first passing area under consideration 
above the lock. 

Unner ApnroachWpbound: Identifying a suitable remake area would require additional 
analysis. Some possibility that channel widening in the canal 
could provide a feasible remake area. 

Lower Approach/Downbound: Identifying a suitable remake area would require additional 
analysis. 
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n Other Site Information 

No anticipated need for additional manpower to operate tow haulage on opposite guidewalls since 
lock personnel do it now under the present arrangement. 

Helper boats are not typically at the site due to a limited demand. However, there are boats 
available if needed at Ottawa (approximately 30 minutes of travel time by river). Most available 
boats are in the 800 horsepower range. Cost for their assistance is $150 per hour (likely charged 
for travel time as well, making total cost approximately $300 per assistance). Helper boats are 
used to move ice in the winter. They can also be used to pull cuts along the guidewall or to the 
last pin on the guidewall and hold the cuts for remake without blocking the chamber; 800 
horsepower is adequate. The estimated time savings from LPMS data was verified for accuracy. 
The lockmaster prefers industry self help over helper boats. 

Self help is used fairly regularly depending on the type of queue and the willingness and ability of 
a tow to leave its barges and provide assistance. The tow operators would be more willing to leave 
their barges and assist if additional well placed mooring facilities were provided. The lockmaster 
reported that Marseilles has processed 20 tows in 24 hours with industry towboats pulling cuts. 
The current practice is to pull cuts to the last pin on the guidewall and to hold the cut with the 
towboat until the couplings are remade. 

Adequate recreational craft landings are available above and below the lock. 

Scheduling 3-up/3-down is fairly common due to creation of queues at this lock site. This is a 
fairly effective method of eliminating congestion. 

Dresden Island Lock, Morris, Illinois 

= Description 

Dresden Island Lock is located on the left descending bank at RM 27 1.5. The lock has a usable 
chamber 110 feet wide and 600 feet long. The lift is usually 20.5 feet with a maximum lift of 21.5 
feet. The site includes a 578-foot upstream guidewall and a 594-foot lower guidewall. The site 
has a number of mooring cells upstream of the lock. 

. Approach Conditions/Locations 

There are no major downbound approach problems. Outdraft can be controlled by passing flow 
through the far side dam gates. Tows use the mooring/guide cells above the guidewall. The 
upbound approach is made difficult by the narrow channel span of the railroad bridge. An 
upbound tow moored at the four cells below the lock on an exchange lockage does not start its 
approach to the lock until the downbound tow passes the railroad bridge. The downbound tow 
uses the moored tow to align with the bridge channel span. Flow from the dam can force an 
upbound tow into the left descending riverbank. 
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Upper Apm-oacWDownbound: Fly lockages approach point is the Kankakee River Light and 
Daymark RM 272.4. The exchange point is at the mooring cells 
at RM 272; smaller tows can use the two cells above the auxiliary 
gate. 

Lower ApnroachKJpbound: Fly lockages point is the railroad bridge at RM 270.6. The 
exchange point is at the four cells below the lock on the left bank 
at RM 270.9. 

. Measures Under Consideration 

At Dresden Island Lock, the following measures are currently under consideration: 

TABLE 3-21: COST AND TIME SAVINGS OF MEASURES AT DRESDEN ISLAND LOCK 

I Time Savings to I I 
Measure cost 1’ Waiting Tows 2’ Comments 

Helper Boat $640,00O/boatfyear Limited Outdraft not a problem under most flows. 
Switchboat w/Guidewall $1.13 mil/boatIyr US: 26 min. TRBK DBL Remake time savings listed assume ext. 
Extension $3.2 to $9.9 mil initial/gw ext DS: 5 min. TRBK DBL guidewalls not implemented DS 
Switchboat w/Remote 

1 Remake & 300’ US 
$1.33 mil/boat/vr 

I $3.7 mil initi&$moor 
US: 26 min. all DBL 

1 DS: 27 min. all DBL 
Remake time savinas deDends on findinn 

1 suitable remake sit&. - I 
Guidewalls 

lndustrv Self Help 

$2.1 to $4.9 mil initial/gw ext 

$50/hour for fuel US: 22 min. all DBL Remake time savings depends on finding 
w/Moo&gs or GLidewall $500k initially/cell DS: 25 min. all DBL suitable remake sites. 
Ext. GW costs same above 
Tolls and Time Charges $465,000* initially TBD Roughly same cost for all fee measures - 

$235.000* annually includes coordination, setting charge, 
implementation. 

Publish Lockage Times $65,000* annually Limited Very difficult to estimate time savings 
Recreational Craft $520.000* initiallv Limited Cost includes public meetings, signage, 
Scheduling 
Ret Boat Landings 
Scheduling Program 

Powered Kevels w/Ext 

$35,dOO* annualiy 
NA 
$550,000* initially $35,000* 
annually 
US: $10.4 i’mil initiallv 

N/A 
Limited 

US: 8 min. TRBK DBL 

and public awareness 
Adequate site available 
Time savings/delay reduction depends on 
method used 
Cost of powered kevel is $750,00O/wall 

Guidewalls 
Powered Kevels w/Ext 
Guidewalls & Addl 
Personnel 
Unpowered Kevels 
W/Ext Guidewalls 

US: $10.5 4’ mil initially US: 22 min. TRBK DBL Annual cost increase associated with 
Plus $518,000 annually per additional personnel 
lock 
US: $9.9 5’ mil initially 6 min. TRBK DBL Cost of extending unpowered kevels is 

28 min. TRBK SETOVER $240,000 initially 
7 min. TRBK KNOCKOUT 

Permanent Deck $4,00O/barge initially 4 min. all DBL System cost TBD 
Winches 
Additional Personnel $1,20O/day/lock 3 min. all DBL Implement during lock congestion periods 
Powered Ratchet $7,50O/unit initially 5 min. all DBL One unit per DBL tow 
Wrench 
Approach Improvements $400,000 initially Limited Vane dikes lower pool 
1’ Costs listed in this table provide an indication of the total cost for the measure, however, Section 4 provides additional detail and clarification. 
2’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. Time 
savings shown are for tows waiting in queue The actual tow may experience smaller savings, since in some cases the same operations are performed, only 
the location is moved. 
2’ Costs of 300-foot wall extensions approximated by one-half cost of 600-foot US wall. 
5’ Impacts to navigation during construction are significant. See Section 4. 

l Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
US - Upstream TREK - Turnback Lockages Only 
DS - Downstream DBL _ Double Lockages 
TBD -To Be Determined 
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. Adjacent Moorings 

Providing adjacent moorings would not allow tows to approach closer to the lock, but they would 
assist in reducing the potential for resource damage to the riverbank, especially above the lock. 
Two cells are needed at the Kankakee River Light and Daymark at RM 272.4. Tows presently 
push into the bank near the I&M Canal preserve lands. Two cells placed here would provide a 
positive tie-off. The water is deep along the bankline, allowing placement of the cells close to the 
shoreline. 

Below the lock, normally only one tow waits above the railroad bridge along the four cells 
with most tows tying to the lower two cells. The next waiting spot is at RM 270.2 on the left bank. 
Tows push into the riverbank as there are no dedicated mooring facilities there other than cells at 
the chemical dock. The railroad bridge is a big impediment to navigation. Mooring facilities 
below the lock at RM 270.2 would provide a formal waiting area for tows 

Additional mooring facilities help during ice conditions when self help is implemented by 
providing the helping towboat a tie-off for its barges. 

Uuper Approach/Downbound: Could formalize current waiting areas by placing moorings at 
RM 272.4 at the Kankakee River Light. 

Lower ApproachUpbound: Could formalize current waiting areas by placing moorings at 
RM 270.2 below the EJ&E railroad bridge. 

n Approach Improvements 

Uuner Lock Approach: No channel improvements were identified. Extending the upper guidewall 
slightly benefits the approach but negates the present use of the cells above the existing guidewall. 
Adding an auxiliary gate guardwall or a lock guardwall improves the downbound approach, but 
only slightly, as outdraft is really not a problem. 

Lower Lock Aunroach: A system of vane dikes was suggested to keep the dam outflow parallel 
with Little Dresden Island and the approach to the narrow channel span of the Elgin, Joliet & 
Eastern Railway bridge. This is more of a safety consideration than it is to reduce the upbound 
approach time. Extension of the guidewall is not recommended because such an extension may 
impact a downbound tow’s exit turn and approach to the EJ&E railroad bridge. The railroad 
bridge below the lock is the major impediment, and its future disposition is beyond the small scale 
scope of the this study. However, any final resolve by the U.S. Coast Guard to remove the bridge 
will benefit the downstream tow approach/exit. 

When a waiting upbound tow is butted up to the lower four cells, the downbound tow can 
pass and use the waiting tow as a guide to the opening at the railroad bridge which is only 113 feet 
wide. Going through the narrow bridge span is like trying to make a lock approach. A waiting 
upbound tow cannot start its approach to the lock until the downbound tow passes the waiting tow. 
Maintenance of the cells and dredging around them are mandatory to have an efficient operation. 
There is a bad outdraft below the lock (at 15 feet of gate opening) which pushes tows to the left 
bank and then farther down comes back across the channel toward the right bank. The placement 
of a guide cell 100 feet below the bullnose on the right descending side would help tows align with 
the chamber and provide some benefits in entering the chamber. 
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. Remote Remake Areas 

As at the other Illinois Waterway sites, channel constraints severely limit the number of potential 
locations for remake areas. 

Upper Approach&bound: A potential remake area would be along the right descending bank 
at RM 272.4. 

Lower ApproachDownbound: Identifying a suitable remake area would require additional 
analysis. There is some potential to use the existing mooring area 
at RM 270.9 for remaking in some situations. 

. Guidewall/Guardwall Extensions 

Extending the upper guidewall is possible but may not be a good idea since the mooring cells 
above the lock would have to be moved and these cells are currently used. While an extended 
upper wall may help tows overcome winds from the south and outdraft conditions, it may actually 
slow approaches under normal conditions. The downstream extension is not recommended 
because an extension would impact a downbound tow’s exit and turn toward the railroad bridge. 
Full benefit from extended guidewalls, even if possible, may not be realized at this site because 
remakes along extended guidewalls primarily only benefit turnback lockages and current 
operations rarely call for locking more than 2 up/2 down. Adding cells above and below the short 
wall bullnose may be of more benefit to the approaches and to hold the first cut on the existing 
guidewalls. Plate 21 in Appendix C shows the site and location of proposed measures. 

. Other Site Information 

There is not enough demand to keep a helper boat at the site. Outdraft becomes a problem at a 15- 
foot gate opening for which helper boats could provide tow assist. Boats are available at Morris 
and Channahon, each about an hour travel time. Most boats are in the 600 horsepower range. 
Cost for their assistance is $150 per hour (charged for travel time as well, making total cost 
approximately $450 per assistance). Helper boats could be used to pull cuts along the existing 
guidewall or to the last pin on the guidewall and hold the cut during remake without blocking the 
chamber. Helper boats are used to move ice and to assist downbound empties that are affected by 
winds of lo-15 mph from the south at this site. However, wind effects are not as great at this site 
as they are at the Brandon Road Lock. 

Pulling cuts with switchboats does not appear to be viable at this site. The only possible remote 
make up area appears to be near the Kankakee River Light and Daymark RM 272.4R. The 
navigation industry representative estimated that it might take up to 30 minutes to back a cut to 
this area with an 800-horsepower boat. A larger boat, possibly 1,200 horsepower, would be 
required. Currents from the Kankakee River also cross this area. Pulling cuts downstream may be 
possible with the addition of spud barges between the existing cells; however, congestion is a 
problem in this area. Subsequent discussion with the U.S. Coast Guard and navigation industry 
lead to increasing the size of switchboats to 1,800 to 2,400 horsepower to allow a greater margin 
of safety. 

Scheduling is not used very often. Normally there is not a traffic backlog and 1 up/l down works 
tine. If there is heavy traffic on both ends, the operation goes to 2 up/2 down. 
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Self help is rarely used at this site (backlog is normally not greater than 2 up/2 down), but when 
implemented is usually used only during severe winter weather (ice). This site needs additional 
tie-off facilities for barges: two cells at RM 272.4 R and a couple of cells below the railroad 
bridge spaced about 400 feet apart. The navigation industry representative stated that pulling cuts 
under self help seems to be the most viable towboat power option at this site and that additional 
mooring facilities would benefit self help. 

There are sufficient recreational craft landings in the area. Much of the recreation traffic through 
the lock is marine based. Scheduling of recreation traffic was suggested, but its practicality was 
questioned. A lockage charge for recreation traffic was thought to be a better idea. Many boaters 
lock through and then shortly after come back and want to lock through again. Recreation traffic 
seems to be on the increase at this site. 

Brandon Road Lock, Joliet, Illinois 

. Description 

Brandon Road Lock is located on the right descending bank at RM 286.0 near Joliet, Illinois. The 
lock has a usable chamber 110 feet wide and 600 feet long with a lift of 34 feet. The site includes 
a 598-foot upstream guidewall and a 594-foot lower guidewall. 

. Approach Conditions/Locations 

Wind is the biggest problem in the upper pool. Outdraft is not a problem. When it is windy, 
downbound tows usually wait at the I-80 Bridge for upbounders to pass rather than moor in the 
open area above the lock since south winds of only 7-8 mph can have an impact on upbound tows 
above the lock. The upbound approach is through a narrow channel below the lock, which is a 
hard push for the larger, loaded tows. 

Upper Auproach/Downbound: Fly lockage arrival point is between the I-80 Bridge and 
McDonough Street at about RM 287.2. The exchange point is the 
I-80 Bridge. Tows wait on the right bank piers or along the 
riverwall below the I-80 Bridge. 

Lower Approach&Jpbound: Fly lockage arrival point is the conveyor across the river at Rh4 
284.8. Exchange point is at the Commonwealth Edison Co. 
(CEC) dock on the left descending bank at RM 285.1. 

. Measures Under Consideration 

At Brandon Road Lock, the following measures are currently under consideration: 
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TABLE 3-22: COST AND TIME SAVINGS OF MEASURES AT BRANDON ROAD LOCK 

I I Time Savinas to 
Measure cost 1’ Waiting Tok 2’ Comments 

Helper Boat $640,00O/boat/year Limited Outdraft not a problem under most flows. 
Switchboat $1 .13 mil/boat/yr US: 26 min. TRBK DBL Remake time savings possible all flows 
w/Guidewall $3.2 to $13.6 i’ mil DS: 29 min. TRBK DBL with adequate horsepower. DS bank 
Extension initial/gw ext excavation required. 
Switchboat w/Remote $1.33 mil/boat/vr US: 26 min. all DBL Time savings depends on identifying 
Remake & 300’ US 
Guidewalls 

Industry Self Help 
w/Moorings or 

$3.7 mil initially/moor 
$2.1 to $5.6 4’ mil 
initial/gw ext 3’ 
$50/hour for fuel 
$500k initially/cell 

DS: 29 min. all DBL 

US: 22 min. all DBL 
DS: 25 min. all DBL 

remake area at site 

May be able to use existing guidewall or 
proposed cells in area 

Guidewalr Ext. 
Tolls and Time 
Charges 

Publish Lockage 

GW costs same above 
$465,000* initially 
$235,000* annually 

$65,000* annually 

TBD 

Limited 

Roughly same cost for all fee measures - 
includes coordination, setting charge, 
implementation. 
Very difficult to estimate time savings 

Times I 
D,Trm-.+inn-,l Prc.f, I PGqn nnn* initisllv I I imitd I Cost includes oublic meetinas. siana”0 I  \cjbI ~aLI”I Ic4-I “ I  Elm L 

Scheduling 
Ret Boat Landings 

yr”~“,““” ““.‘U”J 

$35,000’ annually 
1 $270,000 initially 

- . .  . . - -  

1 Limited 

-  -  -2-v 

and public awareness 
Downstream sites under consideration 

$12,500 annually 
Scheduling Program $550,000* initially Limited Time savings/delay reduction depends on 

$35,000* annually method used 

Powered Kevels w/Ext US: $11.7 mil initially US: 11 min. TRBK DBL Cost of powered kevel is $750,00O/wall 
Guidewalls DS: $13.8 mil initially DS: 14 min. TRBK DBL 
Powered Kevels w/Ext US: $11.8 41 mil initially US: 25 min. TRBK DBL Annual cost increase associated with 
Guidewalls & Addl DS: $13.9 *’ mil initially DS: 28 min. TRBK DBL additional personnel 
Personnel Plus $518,000 annually 

per lock 
US: $11.3 9’ mil initially 6 min. TRBK DBL Cost of extending unpowered kevels is 

25 min. TRBK SETOVER $240,000 initially 
Unpowered Kevels 5 min. TRBK KNOCKOUT 
W/Ext Guidewalls DS: $13.4 *’ mil initially 6 min. TRBK DBL Cost of unpowered kevels is $360,000 

36 min.TRBK SETOVER initially 
6 min. TRBK KNOCKOUT 

Permanent Deck $4,00O/bape initially 4 min. all DBL System cost TBD 

3 min. all DBL 
5 min. all DBL 

Implement during lock congestion periods 
One unit per DBL tow 

Limited Safer approach 

1’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 
1’ Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. Time 
savings shown are for tows waiting in queue The actual tow may experience smaller savings, since in some cases the same operations are performed, 
only the location is moved 
2’ Costs of 300-foot wall extensions apprcximated by one-half cost of 600-foot US wall. 
!’ Impacts to navigation during constructicln are significant. See Section 4. 

l Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
US - Uostream TREK - Turnback Lockages Only 
DS - Downstream 
TBD -To Be Determined 

DBL - Double Lockages 
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. Adjacent Moorings 

Above the lock there is no place to get tows closer. However, this is one of the worst locks for 
wind. Safety would be improved for these tows by a cell on the right side about 50 to 100 feet 
above the existing cell above the lock to catch tows from the wind. The cell should be offset 5 feet 
or so from the existing cell to avoid binding problems. 

Below the lock, there are no dedicated mooring facilities and tows sometimes use the CEC 
docking area RM 285.1. The next waiting area is Rh4 284.5L, which also lacks a mooring facility. 
The two cells at RM 285.3, which are in the dam outdraft area, are not used and are considered a 
hazard to navigation. Two cells on the right descending bank at RM 285 near the “long pond” 
would be helpful. There is no room below the lock to get tows closer to the lock. 

Unner Anwoach/Downbound: While tows can not be brought close, an additional cell 50 to 100 
feet upstream of the existing cell above the guidewall could 
improve efficiency in wind conditions. 

Lower Approach/Unbound: Two additional cells at RM 285 would provide an official 
mooring area near the lock. 

. Approach Improvements and GuidewalllGuardwall Extensions 

Extending the downstream guidewall would make entrance conditions worse unless the narrow 
channel is widened. Extending the upstream guidewall may require widening the existing 
guidewall that is only 4 feet wide, especially if tow haulage is added. It is doubtful if extended 
guidewalls would increase approach efficiency, but they will allow for tow remake outside the 
lock chamber. However, system remake time savings is limited by the few number of 15-barge 
tows in this reach of the Illinois Waterway. 

Upper Lock Approach: The recommended approach improvement, as suggested during the lock 
site visit in December 1996, is an additional cell offset slightly with the existing cell above the 
lock to help negate the northeast and southeast wind impacts on downbound tows and to increase 
safety. 

Lower Lock Approach: The canal below the lock has a shallow rock bottom, maybe 11 feet and in 
some areas only 10 feet deep, and is narrow. The upbound entrance into the lock is a “hard push” 
and very slow going as there is little space around the tow for the displaced water to go. Likewise, 
it sometimes takes two or three tries with tow haulage and up to 45 minutes to exit the first cut 
(loaded) downstream because of the shallow, narrow canal. It takes 15 minutes for downbounders 
to pass the downstream exchange point and then another 30 minutes for upbounders to reach the 
lock and another 15 minutes to push into the lock. However, the tow haulage is being relocated to 
the far downstream end of the guidewall to make the exit more efficient. A review of December 
1996 soundings shows a relatively shallow and narrow channel. It was suggested that the sill 
depth may be a contributor to the piston like approach/entrance to the lock which could be 
addressed during site-specific studies. There is a potential improvement to navigation if the 
channel can be improved. Widening and/or deepening the rock bottom canal below the lock could 
make the lock approach and first cut exit more efficient, but again benefits mainly the larger tows 
which are relatively few in this area. Vane dikes at RM 285.4 could help align the dam outflow 
and reduce the existing cross currents in this area. 
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n Remote Remake Areas 

In general, using switchboats and remote remake areas is not practical at this site. The bigger 
boats and tows do not come up in this reach of the river. In addition, site conditions make using 
remote remake areas fairly questionable at this site. Above the lock, a site could likely be 
identified if necessary. Below the lock, the narrow channel and cross current flows would present 
greater challenges. 

. Other Site Information 

The existing upstream guidewall, which is 4 feet wide, may need to be widened if tow haulage is 
improved/added with the guidewall extended. Unpowered kevels should not require additional 
width. 

It was estimated that a helper boat pulling cuts out would save 10 minutes upstream and 
significant time downstream. Would pull along the existing guidewalls and hold for remake. 
Available remote makeup areas are non-existent downstream. Remote makeup may be possible 
upstream. Helper boats are available at Illinois Marine. 

Self help is almost never required or used at this site. 

The River Club boat landing is just above the lock. Nothing much below the lock for 8 miles or 
so. There is not a lot of recreational traffic in this area. Recreational traffic is concentrated at the 
beginning and end of the season. 

Although there is little recreation traffic in the area, the lockmaster indicated that scheduling of 
recreational traffic may be a good idea during the season’s busier beginning and ending periods. 

The operation at Brandon Road Lock is very dependent on the traffic at the Lockport Lock; i.e., 
how fast Lockport is locking upbound traffic the traffic that is coming down to Brandon Road. 
River travel time between the two locks is 50 minutes for a full tow and 30 minutes for setovers. 

Tows sometimes use commercial docks/moorings when waiting below the lock. There is some 
concern that if these properties were sold, the new owners may not allow other tows the luxury of 
waiting at these sites. As discussed above, additional cells at RM 285R would alleviate this 
concern. 

Primarily only smaller towboats move barges in this area, so the larger towboats do not have to 
contend with the congestion in the Brandon Road-Lockport area. 

Lockport Lock, Lockport, Illinois 

. Description 

Lockport Lock is located at RM 291.1 on the left descending bank at Lockport, Illinois. The lock 
has a usable chamber 110 feet wide and 600 feet long with a lift of 39 feet. There is a curved 
1 ,OOO-foot upper guidewall and a slightly curved 444-foot lower guidewall. Plate 19 in 
Appendix C shows the site and potential improvements. 
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n Approach Conditions/Locations 

Downbound approach conditions are difficult at this lock because of the curvature of the approach 
wall and the inconvenience of the canal width restriction above the lock requiring larger tows to 
reconfigure during their approach. Reconstructing the high earthen/rock embankments forming 
the high elevation Chicago Sanitary & Ship Canal (over 20 feet higher than the adjacent Des 
Plaines River) to widen the canal is not practical. There are no major upbound approach 
difficulties. 

Upper AnproacWDownbound: Fly lockage arrival point is 16th Street, RM 292.2. 
Exchange point is 9th Street at RM 292.7 unless both tows 
together are less than 150 feet wide, in which case they can pass 
below the 16”’ Street Bridge. Tows can moor at pins along the left 
descending wall above the lock. 

Lower Approach/Unbound: Fly lockage arrival point is the EJ&E railroad bridge at RM 290. 
Exchange point is just downstream of the lock at RM 290.5L 
where tows lay on the bank as there are no mooring facilities 
there. 

n Measures Under Consideration 

At Lockport Lock, the following measures are currently under consideration: 

I 
TABLE 3-23: COST AND TIME SAVINGS OF MEASURES AT LOCKPORT LOCK 
I I Time Savinas to 

Measure 
Helper Boat 

Cost 1’ 
1 $640,00O/boaffyear 

Waiting Tows 2’ Comments 
Some approach time savings Approach time savings is limited to those 

Recreational Craft $520,000* initial 

Upstream sites und 

$35,000* annually method used 
Permanent Deck $4,00O/barge initially 4 min. all DBL System cost TBD 
Winches 
Additional Personnel $1,20O/day/lock 3 min. all DBL Implement during lock congestion periods 
Powered Ratchet $7,50O/unit initially 5 min. all DBL One unit per DBL tow 
Wrench 
Approach $2 mil. initially Limited Four mooring cells at RM 290.5 left bank. 
Improvements Safer remake conditions below high lift lock. 
1’ Costs listed in this table provide an indication of the total cost for the measure; however, Section 4 provides additional detail and clarification. 
z/Time savings in tables are not additive, since many of the measures address the same elements. However, several combinations are possible. Time 
savinas shown are for tows waiting in queue. The actual tow may experience smaller savings, since in some cases the same operations are performed, 
only the location is moved. - 
* Denotes systems costs that includes the total cost for all sites under consideration and not just this particular lock. 
US Upstream TREK - Tumback Lockages Only 
DS - Downstream DBL - Double Lockages 
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. Adjacent Moorings 

It is not possible to bring tows closer to the lock with new mooring facilities. No remote makeup 
areas are possible above the lock. 

A priority is for cells below the lock on the left bank above the railroad bridge for tie-off and for 
remake when a helper boat is pulling cuts. Below the lock, the water is deep in this area all the 
way to the left bank at RM 290.5. Two sets of cells 400 feet apart at this location could be placed 
on the bank to help tows fight the dump from the lock and to help with tow remake if cuts are 
pulled from the lock. 

Unuer Approach/Downbound: None 

Lower AnnroachfUvbound: Two sets of cells above the railroad bridge near RM 290.5 would 
assist approaching tows and allow for remake. 

. Approach Improvements and GuidewalllGuardwall Extensions 

A slightly curved downstream guidewall extension is limited by the outflow from Deep Run Creek 
along the left bank. An upstream guidewall extension is not practical because of the existing 
curved wall. Tows presently make up on a flat section of wall just above the upper lock gate. 
Straight guidewall extensions are not recommended above or below the lock. Extensions would 
restrict the flow widths and are hazards to navigation. 

Upper Lock Approach: No recommendations were made for improving the approach. It 
was noted from the December 1996 site visit Memorandum for 
Record that there are not many U-barge tows in this area due to 
difficulties in navigating this reach of the waterway, including a 
70-foot tow width restriction (canal is 160 feet wide) from 9th 
Street upstream for about 8 miles to Lemont, Illinois. This causes 
the larger tows to break at Lemont and leave barges there for 
another tug to bring down to 9th Street where tows are remade 
before moving on to the lock. 

Lower Lock Approach: Two sets of mooring cells along/in the left descending bank at 
RM 290SL to help with tow remake if cuts are pulled from the 
lock and to provide a tie-off for barges during self help. 

n Remote Remake Areas 

In general, using switchboats and remote remake areas is not practical at this site. The bigger 
boats and tows do not come up in this reach of the river. However, there may be some potential 
for a remake area below the lock above the railroad bridge from RM 290 and 290.5 on the left 
bank. 

n Other Site Information 

There are few H-barge tows in this reach of the waterway, and the tow operators abide by the lock 
policy to make tows into a single for lockage whenever possible. 
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Helper boats are used for the downbound approach at a flow of 6,000-7,000 cfs and to pull cuts for 
remake on the guidewalls. Traffic stops at 9,000-10,000 cfs. This is a discretionary action by the 
towing companies due to the problem of navigating through the many bridges in the Joliet Harbor 
area, RM 289 - 287.5 downbound. 

Could remake below the lock if cells were placed along the left bank above the railroad bridge. 
Normal time savings pulling cuts is 10-l 5 minutes. Could save 20 minutes for next tumback 
approach from 9th Street. Several 700-800 horsepower helper boats are available in the area. It 
takes 45 minutes for helper boats to get to the lock and they normally charge $150 per hour. 

Most recreation through-traffic is larger craft going to the lake. There is a boat landing (rock 
ramp) below the lock at RM 288.7. 

The No. 1 recommendation for small scale improvements at Lockport is the addition of two sets of 
cells below the lock at RM 290.5L. 
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SECTION 4 -TECHNICAL INFORMATION ON 
DETERMINING PERFORMANCE AND COST 

This section expands upon the information provided in Section 2 by providing more detail on the 
supporting information, analysis methods, and data used in estimating the time savings and cost. 
This section follows the same format as Section 2, first providing a discussion of the non- 
structural measures before covering the structural measures. 

NON-STRUCTURAL SMALL SCALE MEASURES 

Towboat Power 

Towboat power measures employ the use of an assist boat to reduce lockage times. Three separate 
measures related to additional towboat power were carried forward for further analysis: helper 
boats, switchboats, and expanded use of industry self help. These measures can assist tows into 
the chamber, speed the extraction of the unpowered cuts, move the unpowered cut away from the 
lock facility for remake, and provide additional assistance as needed. Towboat power measures 
generally provide greater time savings to tows requiring double lockages or reconfiguration. 

For the purpose of this report, the horsepower of the assisting vessel defines the vessel 
category. Helper boats have the least amount of power, less than 1,200-horsepower , while 
switchboats typically range from 1,200 to 2,500 horsepower. Industry line haul boats, used for 
self help, generally have greater than 2,500 horsepower. The boat’s horsepower and size influence 
the type of assistance that can be provided and it effectiveness. 

Based on the analysis conducted as part of this study, the study team determined that while 
additional helper boat assistance on approaches may provide some increased benefits at some sites 
most benefits are already being captured. The majority of incremental towboat power benefits are 
associated with the larger switchboats and line haul boats that can extract cuts. Switchboats can be 
implemented in one of two ways-in combination with extended guidewalls or with remote 
mooring areas. Providing guidewall extensions and mooring areas in combination with industry 
self help allows for a safer and more efficient application of this existing measure. 

n Helper Boats 

Descrbtion of Measure. Helper boats are the smallest of the towboats being considered in this 
analysis, averaging approximately 800 horsepower with a range from roughly 300 to 1,200 
horsepower. Helper boats can reduce delays associated with approaching the lock and in some 
cases exiting the lock. They are currently used and are particularly effective when assisting 
downbound tows that must make their approaches or exits under adverse conditions (e.g., outdraft, 
wind, ice, etc.) or with inexperienced crews. This assistance reduces overall lockage times by 
countering the effects of outdraft on the approach, thereby allowing a more controlled, efficient, 
and safe entry into the chamber. Figure 4-l shows a tow receiving approach assistance. The 
primary approach benefit is in reducing delays associated with inability to align the tow along the 
guidewall that, if unsuccessful, requires the tow to back up, maneuver, and retry its approach. 
Since some use of helper boats is already occurring, this study analysis focused on identifying 
what incremental benefits are available with increased use. Using helper boats to pull unpowered 
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cuts along extended guidewalls was also evaluated, but it was determined that they have 
inadequate horsepower to safely conduct this operation under all conditions. 

In addition to improving approach efficiency, a major benefit of helper boats is increased 
safety related to the reduction in the potential for a major accident or substantial delay related to a 
tow which is unable to successfully maneuver a lock without assistance. 

Currently helper boats are regularly available at Locks 3, 10, 12, 15, 20, 21, 22, 24, and 
Peoria. Often these boats are provided by a harbor service that leaves a boat at the lock facility 
and then provides staff on an as-needed basis. Full-time assistance is provided when required 
during periods of congestion or outdraft. The majority of other lock sites can have helper boats 
available on relatively short notice. These helper boats primarily provide assistance to tows in 
approaching the locks, but they also move ice and debris. Under current Corps policy, the use of 
helper boats is not required, but their use is strongly recommended during outdraft conditions. In 
general, most companies follow these recommendations in their own interest to increase safety and 
reduce delays. 

Delav Reductions MethodoloavlTime Savinas Estimates. Potential time savings in the lockage 
process were only identified for downbound lock approaches (upbound tows typically do not 
require assistance). Improving other steps in the process, such as pulling the first cut of double 
lockages, were not considered to be safe operations with this size of boat. The estimated savings, 
along with the approach used to determine the savings, is summarized below. 

Several sources of data were evaluated to provide information on the potential time savings 
available for implementing helper boats. These sources include the 1990 Lock Performance 
Monitoring System (LPMS) data; responses from the February 4-5, 1997, Expert Elicitation 
meeting with navigation industry; and interviews and site visits with lockmasters and navigation 
industry. This section summarizes the results of these efforts. 

Aowoachina the Lock. Determining the actual time savings benefits per lockage using 
LPMS data is difficult, since the level of beneIits varies based on approach type, site conditions, 
weather, equipment, crew, and when and how the helper boats are used. Despite these difficulties, 
LPMS data on lockages were evaluated as part of the study investigation. The study team 
analyzed the approach times for tows that received assistance versus the approach times for tows 
that did not receive assistance. However, the results were inconclusive because the approach point 
can vary considerably from one lockage to the next depending on the type of approach (e.g., fly, 
turnback, exchange). In addition, major differences occur in site conditions and crew experience. 
The data are also biased by the fact that higher levels of helper boat assistance are provided during 
outdraft conditions, in poor weather, and to less experienced crews. 

As a result of these complicating factors, the approximate approach time savings was 
estimated based on information from the expert elicitation process, as well as interviews and site 
visits with lockmasters and navigation industry. As part of the expert elicitation, towboat captains, 
lockmasters, and others present were asked to estimate the time savings of using a helper boat or 
switchboat to assist with downbound approaches under both outdraft and normal flow conditions 
for both single and double lockage tows. Only downbound exchange and fly approaches were 
evaluated. Upbound approaches rarely need assistance due to the absence of outdraft and since the 
water flow allows for better control and steering. Approach assistance is less critical with 
turnback lockages because the tow waiting a lockage can often get on the guidewall prior to the 
end of the preceding lockage. However, some tumback lockage tows during high water will not 
approach until the gates are open unless assisted by a helper boat or extended guidewall. By 
providing this assistance, some additional number of tumback lockages would be able to improve 
their approach times. 

After some discussion, the participants felt that it would not be necessary to evaluate time 
savings during outdraft conditions, since most tows currently use assistance under those 
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circumstances. The result of the weighted time savings was that for the UMR under normal flows, 
the average time savings of using a helper boat for single lockage tows was estimated at 6 minutes 
with a range of 3 to 10 minutes. Double lockage tows were estimated to save 11 minutes with a 
range of 6 to 17 minutes. These ranges, which exclude extreme values, approximate the range 
rather than provide an absolute maximum and minimum. As part of the discussion at the Expert 
elicitation meeting, those present felt that the time savings for setovers and knockouts could be 
estimated by averaging the approach time savings for singles and doubles. This assumption allows 
for the extension of the approach time savings data to these categories and an estimated savings of 
8 minutes. 

Significant time savings was not anticipated for IWW locks under normal flows, except at 
Lockport, which has stronger outdraft currents. 

APPROACH TIME SAVINGS (MINUTES) OF HELPER BOAT ASSISTANCE 
UNDER NORMAL FLOWS AT UMR LOCKS FOR DOWNBOUND FLY AND EXCHANGE LOCKAGES 

Delay Reduction Straight Single Knockout and Setovers* Straight Double 
Expected Min Max Expected Min Max Expected Min Max 

Downbound 6 3 10 8 5 14 11 6 17 
Approaches 
* Note: Setover & Knockout Single time savings estimated from singles and doubles. 

Source: Expert elicitation meeting, February 4, 1997. 

Individual interviews with lockmasters provided information consistent with the elicitation. 
At locks with moderate to severe outdraft conditions, such as the lower locks on the UMR, 
lockmasters estimated a time savings of 5 to 15 minutes for helper boat assistance on downbound 
double approaches under normal flows. As outdraft flows increase, the benefits of helper boat 
assistance steadily rise, with time savings of 20 minutes or more likely up to the point where at 
certain flows navigation is not possible without helper boat assistance on downbound approaches. 

The lockmasters at sites on the Illinois (La Grange to Lockport) generally reported smaller 
time savings. These lo&masters estimated time savings of 0 to 10 minutes under normal flow 
conditions due to the limited amount of outdraft. However, many of these sites benefit from 
helper boats under higher flow conditions, with savings of 10 minutes or more possible. 
Currently, helper boats are not typically used on exits. The primary situations where they provide 
assistance on exits is when wind pushes a tow into the guidewall and reduces or eliminates the 
tow’s ability to leave the lock. A summary of the lo&masters’ estimates of current helper boat 
use and approach time savings for their particular lock is included in Table 4-2. Note that of the 
percentage currently unassisted, that only roughly 60 percent are fly and exchange lockages able to 
benefit from approach assistance and that the percentage will decrease over time as more turnback 
lockages occur. 
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1’ Note that of the percentage currently unassisted, only roughly 60% are fly and exchange lockages able to benefit from 
approach assistance and that the percentage will decrease over time as more turnback lockages occur. 
US = upstream, DS = downstream, NA = not applicable, NR = not recommended 
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Total Time Savinas. In total, it appears that only limited additional benefits would be gained 
by increasing the use of helper boats. In addition, the savings are even more limited in situations 
where a queue exists, since only fly and exchange lockages benefit significantly. However, it 
appears that a few sites, Locks 14, 17 and 19, could benefit from increased helper boat availability. 

Conditions Affectina Implementation. The focus of this analysis was on determining the 
benefits to those tows not currently receiving assistance. However, there is a large amount of 
variability involved with the time savings potential for a particular measure. Many tows already 
receive assistance from helper boats, or there may be situations where a helper boat is unable to 
provide assistance. Some additional factors influencing the potential time savings include the 
experience of the crew and performance of equipment (e.g., age of boat, experience of the pilot, 
etc.). These factors can contribute to significant differences in overall time savings. 

As part of the expert elicitation, the participants estimated that most tows currently receive 
approach assistance during severe outdraft conditions, which are present approximately 20 to 
40 percent of the time depending on the lock site. In addition, 40 to 50 percent of tows under 
normal flow conditions already receive helper boat assistance on approaches. Only assistance to 
the other tows not currently receiving assistance under normal flows would result in additional 
savings. Some of the tows not currently requesting assistance are the most skilled at navigating 
the locks and could actually be slowed in making their approaches if helper boat assistance is 
required. 

The use of helper boats already occurs on a regular basis and likely will continue and expand 
whether or not a project is completed. According to the site visits, this is currently occurring, 
since use has increased in recent years and is likely to continue to expand as traffic levels and 
safety awareness grow. 

The Corps of Engineers’ Draft Economic Planning Guidance for Shallow Draft Vessel Costs. 
Costs estimates that helper boat replacement costs range from approximately $550,000 to 
$1.3 million depending on size and horsepower. However, the actual total daily, yearly, and 
hourly costs in 1996 dollars for operating a helper boat of various size categories have been 
summarized in Table 4-3. The helper boats currently available at most locks are privately owned 
by harbor services and towing companies and simply provide assistance on an as-needed basis or 
assistance during periods of outdraft. Many operators have older boats and use small crews (a 
pilot and deckhand) that are on call and only at the site while providing assistance. 

Three possible scenarios exist regarding how these boats could be supplied: (1) the 
government could purchase boats and provide assistance, (2) harbor services and tow companies 
with switchboats could provide assistance under government contract, or (3) the existing approach 
used for helper boats could be expanded to switchboats (a harbor service or tow company provides 
assistance and then bills the assisted vessel directly). 

At most sites, only one boat would be required to provide assistance for downbound 
approaches. However, there may be some sites and conditions where a boat could be used 
downstream as well to assist tows in leaving the wall. 

4-6 



Section 4 - Technical Information on Determining Performance and Cost 

I TABLE 4-3: DAILY COSTS TO OPERATE A HELPER BOAT 
I 

cost 400-600 hp 800-1000 hp 1200 hp 
Capital Costs (cost recovery - 7.75% over 20 yrs) $155 $270 $355 
Opkrating Costs 

_ 

. Crew of 5.26 (Approx. 3 on duty at all times) 650 880 1,020 

. Boat Costs (Maintenance, Supplies, 330 445 510 
Insurance, Taxes) 

. Administration 125 165 190 

. Fuel Cost (Average Power) * 140 325 490 
Profit (13.5%) - 

total Daily Cost 
Total Annual Cost (Daily * 270 days) 
Hourly Cost (Daily Cost/24 hrs) 

190 280 345 
$ 1,590 $2,365 $2,910 

$429,300 $638,550 $785,700 
$66 $99 $121 

*Note: Fuel cost is approximately $250 - $500 higher per day if under high power most of the time. 
Source: FY97 Planning Guidance Shallow Draft Vessel Costs. 

On the UMR-IWW System, most tows are currently charged a fee of approximately $250 per 
assistance or $150 per hour for the use of a helper boat. The cost varies by site, depending on the 
type of boat available and whether the helper boat must travel to reach the lock site. However, the 
costs in Table 4-3, although lower, are the expected costs assuming that demand for the assist 
boats would lead to nearly continuous utilization of the boat and its crew. In arriving at an annual 
cost, the daily costs were multiplied by 270 days, the approximate length of the navigation season 
on the UMR. In contrast to the upper sites, the lower UMR locks and IWW locks remain open 
virtually all year. However, lock usage on the UMR in winter is low and open pass conditions 
occur during significant portions of the year on the lower IWW, limiting the requirement for 
continuous switchboat availability. In addition, at many sites some of this cost is already being 
incurred due to existing use of the boats. At these sites, the incremental cost to fully implement 
this measure would be much lower. 

Relationship to Other Measures. The use of helper boats is compatible with most measures. 
The scheduling program measure, approach improvements, and switchboats all can address 
approach time issues to some extent and, as a result, have reduced joint benefits if combined with 
a helper boat option. 

Conclusion. The use of helper boats to assist approaches is currently occurring and is likely to 
increase in the without project, as sites congest. Additional helper boat assistance may reduce 
approach times at some sites for some tows, but the majority of benefits are already being captured 
and the incremental savings is highly variable and uncertain. 

. Switchboats with Guidewall Extensions 

Description of Measure. Switchboats typically have horsepower ranging from approximately 
1,200 to 2,500 horsepower. Boats in the 1,800 to 2,000-horsepower range were determined to be 
able to safely extract the unpowered first cut of double lockages out along an extended guidewall. 
This process represents the major additional time savings, since it provides a faster extraction than 
the existing tow haulage and allows the next waiting tow (traveling in the same direction) to use 
the lock while the first tow remakes its couplings. Switchboats, like helper boats, can also assist 
tows in approaching the locks in adverse conditions and by moving ice and debris from around the 
chamber. Moving the cuts farther down along the extended guidewall can also reduce chambering 
times for downbound tows by allowing faster releases of water from the chamber. This faster 
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filling and emptying is possible because moving the first cut of downbound tows farther down the 
guidewall reduces the potential to snap a line. 

To fully implement this measure the guidewalls must be extended approximately 600 feet, 
using either cellular sheet pile construction with precast concrete panels or DeLong Pier/spud 
barges. This would provide approximately 1,200 feet of wall outside the chamber, allowing the 
first cut to be moved far enough from the chamber that the powered cut can fully exit from the 
chamber for remake. This allows the next tow heading in the same direction to use the lock while 
the first tow recouples. In addition to improving the existing 600-foot lock’s efficiency, 
switchboat assistance with approaches can increase safety by reducing the potential for a major 
accident or substantial delay related to a tow that is unable to successfully approach a lock. 

Delav Reductions Methodoloav/Time Savinas Estimates. Four steps in the lockage process 
were identified as having potential time savings associated with switchboat use: (1) approaching 
the lock, (2) pulling the first cut of double lockages, (3) remaking of double lockages, and (4) 
reducing chamber emptying times. The estimated savings for each of these areas, along with the 
approach used to determine the savings, is summarized below (see Figures 4-2A and B). 

Several sources of data were evaluated to provide information on the potential time savings 
available for implementing helper boats. These sources include timing data from a 1975 report by 
Peat, Marwick, and Mitchell & Co. entitled, Evaluation of Operational Improvements at Locks 
and Dam No. 26, Mississippi River; the 1990 LPMS data; the 1995 timing data from Mel Price 
Lock; responses from the February 4-5, 1997, Expert Elicitation meeting with navigation industry; 
and interviews and site visits with lockmasters and navigation industry. This section summarizes 
the results of these efforts, as well as the average time savings for UMR Locks 1 l-25 and IWW 
locks from Lockport to La Grange. 

Awwoachina the Lock. In general, switchboats can provide the same approach time 
savings benefits as helper boats. As the size and horsepower of assist boats increase, they become 
less maneuverable and effective in providing approach assistance, but the lockmasters generally 
reported switchboats would provide the same time savings as helper boats. As addressed in the 
helper boat summary, information from the expert elicitation meeting with lockmasters and 
navigation industry was used to estimate the time savings potential at UMR locks. 

However, the fact that at many sites tows already use assistance under normal flows limits the 
potential incremental savings. There are also a wide range of potential factors affecting the 
potential savings, including variability of flow, site-specific differences, the pilot and crew skill 
levels, weather, etc. These factors make it very difficult to accurately predict what, if any, 
additional approach time savings is possible. In addition, when a queue is present and the lock 
operates with multiple turnback lockages, these benefits are even more limited since only fly and 
exchange lockages typically experience the full benefits of approach assistance. 

Pullina the First Cut of Double Lockaaes. The potential was evaluated to have switchboats pull 
the unpowered cuts of doubles out of the lock. Assistance with this portion of the lockage 
primariIy results in the ability to extract cuts faster than the existing tow haulage, take the cut 
farther along the guidewall, and hold the first cut (see Figures 4-2A and B). The data used to 
evaluate the potential benefits of having switchboats pull the cuts included data from tests 
conducted at the former Lock 26 by Peat, Marwick, and Mitchell (1975), 1990 LPMS data, and 
1995 timing data from Melvin Price Lock. The initial findings and approach were verified as part 
of the expert elicitation process and through lockmaster interviews. It is important to note that the 
time savings estimates record the reduction in time needed to extract the cut clear of the gate, 
allowing the gate to close for the next cut. This is shorter than the entire time to move the cut to 
the end of the extended guidewall and tie off the cut. 
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Start Approach 
Switchboats could provide approach time 
savings in some situations under normal 

Currently helper boat assistance is used at 
most sites during higher flows. Significant 

EZ;hange Ayach , 7 additional time savings not likely. ( 

Entry 
0:14 

,c ;;~~;~a11 and prepares to II , x 
Switchboat moves into position 

Lock 1st Cut 
0:08 

Switchboat provides faster removal than 

Remove 1st Cut 
0:08 

existing cable-winch system saving - approx 

Turnback Chamber 
0:08 

-H 

Entry 2nd Cut 
0:08 

-; 

Exit Second Cut 
0:06 

Remake occurs outside of chamber, 
allowing next tow to use lock sooner 

saving approx. 18 min. 

Total Lockage Time I:22 

Approx. total time savings with Helper Boats vs. Existing Operations is 25-27 min. 
Remake/exit savings (18 min.) only benefits system, if next tow is traveling in the 
same direction (compare to figure 1-8). 

Note: Approx. lockage time in hour:minutes. Diagram shows an exchange approach 
followed by a turnback lockage. 

FIGURE 4-2B: Double Lockage Elements -Two Switchboats with Guidewall Extensions 

4-10 



Section 4 - Technical Information on Determining Performance and Cost 

As part of a timing study conducted at the former Lock 26, a 900-horsepower helper boat 
(with manual winches which are slower than the electric winches currently used on most helper 
boats and switchboats) extracted the first cuts of double lockages along an extended guidewall. 
Over a 2-week period, the helper boats produced time savings of approximately 5 minutes on 
upbound and 11 minutes on downbound exits of the first cut over the use of the existing tow 
haulage. This reduced upbound exit times from 13 to 8 minutes and downbound exits from 
approximately 19 to 9 minutes. 

Peat, Marwick, Mitchell & Co. (1975) also collected data on switchboat assistance at old 
Lock 26 over approximately a one-month period from November 19, 1973, to December 21, 1973. 
The switchboat used for the test was a 1,140-horsepower twin-screw tow with electric winches. 
The electric winches were very effective in quickly securing the cut. Comparing just extraction 
times for switchboats with the base period, indicated a time savings of 7 minutes for upbound and 
13 minutes for downbound lockages. This resulted in reducing upbound exit times from 
approximately 13 minutes for tow haulage to 5 minutes with a switchboat. Downbound exits were 
reduced from 19 to 6 minutes. The numbers from both these tests are close to the estimates 
obtained using LPMS data, described below. 

Data collected as part of LPMS were used to estimate the time savings of using a switchboat 
to extract the unpowered cut of a double lockage at each site. This was accomplished by 
comparing the existing times to extract the unpowered cut of double lockages using tow haulage at 
UMR Locks 1 l-25, 14 minutes upbound and 17 minutes downbound, with the exit time of a 
powered single cut, 5 and 6 minutes for upbound and downbound, respectively. This comparison 
is based on the assumption that the exit of a single tow from the chamber closely approximates the 
time required for a switchboat to pull an unpowered cut from the chamber. However, based on 
discussions with lockmasters and navigation industry, an additional two minutes was included to 
allow for the switchboat to make its coupling. The distributional characteristics of the single 
lockage data were assumed to hold for the switchboat extractions. However, adjustments of 
2 minutes were made to increase the maximum and minimum values. This translates the existing 
distribution, while preserving the distributional characteristics. 

Time Savings = Existing Extraction - (Exit of + 2 min. to make) 
with Tow Haulage Single couplings 

At the expert elicitation and during interviews, the lockmasters and navigation industry 
generally affirmed that this was a close and valid approximation. The result was an estimated time 
savings of 7 and 9 minutes for upbound and downbound tows, respectively, on the UMR. Smaller 
time savings of 5 to 6 minutes were identified for the IWW locks. These numbers are similar to 
the results of the 1975 Lock 26 timing study, summarized above. The difference between 
upbound and downbound time savings relates to a combination of lower clearance of the tow over 
the downstream sill in combination with a greater percentage of empties moving upstream. The 
average resulting time savings and actual site to site numbers have been included in Table 4-4. 

The estimated time savings in pulling cuts is supported by additional field data collected at 
Melvin Price Locks near Alton, Illinois, on the UMR. The data were collected from the use of the 
600-foot lock during a closure of the facility’s 1,200-foot lock chamber from February 27, 1995, 
to March 14, 1995. During this period, a 1,500-horsepower towboat pulled the first cut of double 
lockages from the 600-foot chamber along the 1,200-foot guidewall. While timing data for this 
site are not available for double lockages without towboat assistance since larger tows would 
normally use the 1,200-foot chamber, the various times collected provide insight into the 
relationship between various time elements. The timing data analyzed included the time from the 
recessing of the gates to the stem of the cut moving past the gate. During this test, the average 
time to pull the first cut with the towboat averaged 6 minutes for upbound and 7 minutes for 
downbound. In contrast to these numbers, the exits of singles took 5 minutes and 4 minutes, 
respectively, for upbound and downbound. These data generally support an allowance of 
2 minutes for the making of couplings. 
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Remaking of Double Lockaaes. Additional time savings can be obtained by pulling cuts 
out far enough along an extended guidewall so that the second (or powered) cut can exit the lock 
and remake without blocking the chamber. This process allows the next tow traveling in the same 
direction to use the lock earlier, thereby reducing delay times for all tows waiting in a queue. 
However, it does not reduce the actual remake time for the actual locking tow. It simply moves 
the remake process out of the lock chamber. To achieve this time savings with a switchboat, a 
guidewall extension providing a total of 1,200 feet of surface would be required. This time 
savings would result from alleviating the existing condition at locks with 600-foot guidewalls 
where a double lockage tow is unable to exit the chamber until it has remade its couplings, while 
keeping the chamber from servicing other tows. However, the time savings are only available for 
tumback lockages whereby the next tow locks in the same direction. If the next lockage is an 
exchange, going in the opposite direction, no additional time is saved since the tow is still 
blocking the approach during its remake. The potential time savings associated with moving the 
remake area out of the chamber has been documented in a number of reports. The 1975 Lock and 
Dam 26 report estimated a reduction of exit and clear times for upbound tows from 26 to 
11 minutes and downbound tows from 25 to 12 minutes. 

LPMS data were also analyzed to estimate the potential time savings of moving remake areas 
out of the chamber. To estimate the time savings, the actual exit times of the second cut of double 
lockages were used and compared with the exit times of singles. Based on the expert elicitation 
and interviews with lockmasters, the exit time of singles serves as a close approximation of the 
exit of the powered second cut of double lockages if the cut has been removed a sufficient distance 
from the chamber. Data from tumback lockages were used for these calculations, since the timing 
is stopped once the tow clears the gate, reducing variability associated with exchange and fly 
approach points. Using the formula shown below and 1990 LPMS data for Locks 1 l-25, time 
savings of 15 minutes for upbound tows and 18 minutes for downbound tows were calculated. 
These savings represent reduced existing tow exit times of the second cuts of downbound tows 
from 20 to 5 minutes and upbound tows from and 24 to 6 minutes. Based on the data, somewhat 
larger time savings appear possible for the Illinois River sites. 

Time Savings = Existing Exit time of 2nd - Exit of Single 
Cut (including remake) 

The 1995 data from Melvin Price lock support these assumptions. The exits of the second cut 
of double lockages when the first cut had been taken down the guidewall were 5 minutes and 
6 minutes, respectively, for upbound and downbound. The exits of single lockage tows took 
5 minutes and 4 minutes, respectively, for upbound and downbound. These values Iit closely with 
the assumption that the exits of singles approximate the exit of the powered cut if the first cut has 
been removed from the chamber. 

At the expert elicitation meeting, the panelists agreed with the assumption that the exit of a 
single can be used to approximate the exit of the powered cut if the first cut has been taken to the 
end of an extended guidewall. While remaking along the existing guidewall is not recommended 
in most situations, tows can be remade along the existing downstream guidewall at a few locks 
under some situations if the first cut is pulled to the last checkpost on the existing guidewall. 
Tows also could be remade along a guidewall with an extension shorter than 600 feet, but the time 
savings and safety are reduced. In these situations, pushing the second cut out of the chamber 
(clear of the miter gates) takes about 1.5 times longer than the exit of a single-lockage tow. This is 
primarily due to the fact that a second cut has to slow down to face up to the first cut while still in 
the chamber. In contrast, a single-lockage tow continues to accelerate away from the lock. 
Closing the miter gates and starting the lock chamber tumback can not be done until the powered 
cut is 50 to 100 feet from the gate if the boat is under power. If the tow is closer, as in the case of 
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remaking with its cut along a wall shorter than 1,200 feet, the tow must be settled down in position 
to remake with the unpowered cut prior to gate closing. Otherwise, the prop wash is sent at the 
closing miter gates. However, if there is approximately 700 feet from the gate to the first cut (as 
in the case of an extended 1,200-foot guidewall), the second cut exit will not be delayed and can 
exit in approximately the same time as a single. 

Time Savings = Existing Exit time of 2nd - (1.5 * Exit of Single) 
Cut (including remake) 

As a result, if less than 1,200-foot guidewalls are used, the expected time savings at UMR 
sites would be reduced using the above equations to approximately 13 minutes for upbound tows 
and 15 minutes for downbound. At IWW sites, the time savings would also decrease by 2 to 
3 minutes to 16 minutes upbound and 17 minutes downbound. 

Reducina Chamber EmDtvina Times. Typically, the rate of emptying the chamber is 
slowed when an unpowered cut is waiting in the downstream approach for the powered cut to be 
locked through. The concern over creating turbulent water and possibly snapping lines is 
eliminated if the unpowered cut is pulled an additional 600 feet down an extended guidewall. 

The Peat, Marwick, Mitchell & Co. (1975) report showed a savings of 4 minutes; however, 
the actual time savings is highly dependent on the water level elevation (head) difference between 
pools and location of discharge ports. The former Lock 26 had a greater difference in water level 
elevations (approximately 20 feet) between its upper and lower pools than most locks on the 
UMRS. As a result, at most UMR locks, which typically have smaller water level differences of 
10 feet or less, much smaller time savings are likely. Using LPMS 1990 data, the potential for 
faster chambering times was calculated by comparing the chambering time for the first and last 
cuts of double lockages. This analysis showed that for the UMR sites, limited time savings of 0 to 
2 minutes are all that is possible on average. Time savings estimates for each lock are shown on 
Table 4-4. At lower flows, when head differences are the greatest, slightly higher time savings are 
possible. At higher flows there would be little or no savings. Somewhat higher savings of 1 to 4 
minutes are anticipated for the Upper IWW locks where the difference in water level elevations is 
greater. 

Total Time Savings. As the following table indicates, a variety of time savings appears 
possible with the use of a switchboat and guidewall extension. In total, it appears possible to 
reduce the time a double lockage is using the lock by 20 to 30 minutes. However, the larger time 
savings are dependent on an extended guidewall and the ability to remake double lockage tows 
outside of the chamber. The time savings of using switchboats at the former Lock and Dam 26 
site to extract unpowered cuts along an extended guidewall allowing recoupling outside of the 
chamber was summarized by Peat, Marwick, Mitchell & Co. in a 1975 report. Their analysis 
showed a time savings of 23 minutes for double lockage tows, based on a reduction in the overall 
lockage time from 125 to 102 minutes. This total time reduction only applies to tumback 
lockages, since the remaking tow uses the guidewall for a remake area. In addition, some savings 
to setover and knockout lockage types is also possible, but varies considerably based on the 
configuration of the tow, commodities being transported, and river conditions. These 
configurations only represent a small portion of total system traffic. 

The numbers in Table 4-5 provide a summary of the expected average time savings, based on 
the analysis of LPMS data for UMR lock sites. Similar time savings were calculated for IWW 
sites. The time savings estimates are very similar to the former Lock 26 timing study. In addition, 
due to uncertainties in obtaining the approach time savings, only the 22- and 27-minute estimates 
for doubles associated with the other steps are used to convey the time savings possible for 
tumback doubles. The actual time savings for a queue depends on the lockage type, number of 
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tows requiring double lockages, how the extraction is handled, number of switchboats, and 
whether they are assisting with approaches. 

While the tows waiting in queue benefit from the full 22- to 27-minute reduction in lockage 
time when the next tow locks in the same direction, the actual tow being assisted only experiences 
a time savings related to the faster extraction of the first cut. This is due to the fact that the tow 
must still remake, even though it is not blocking the chamber, before it can leave the lock wall. 

TABLE 4-5: ESTIMATED AVERAGE TIME SAVINGS FOR 
SWITCHBOAT WITH GUIDEWALL EXTENSIONS AT UMR LOCKS 1 I-25 

Delay Reduction 
Pulling the unpowered cut 

Remaking the tow (with extended 
guidewalls - turnback lockages only) 
Reduced chambering time 
Total time savings potential* 

Double Lockages Benefits Double Lockages Benefits 
to Tows Waiting in Queue to the Locking Tow 

7 min. upbound 7 min. upbound 
9 min. downbound 9 min. downbound 
15 min. upbound Tow still remakes, location is 
18 min. downbound moved to end of the guidewall 
O-2 min. downbound O-2 min. downbound 
22 min. upbound * 7 min. upbound 

1 27 min. downbound * 1 9 min. downbound 
* Total benefit to waiting tows assuming the next lockage is a turnback. Otherwise, benefits are limited to 7 min. 
upbound and 9 min. downbound. 

Reconfinuration of Setover and Knockout Sinales. In addition to the saving to double lockage 
tows highlighted above, guidewall extensions provide some savings potential to setover and 
knockout single tows. This savings is provided by allowing the tow types to reconfigure into a 
600-foot arrangement on the guidewall rather than in the lock chamber. Table 4-39 highlights the 
site specific exit benefits that average 23 minutes for setovers and 7.5 minutes for knockouts. In 
some cases, these benefits could be doubled if the tows could reconfigure prior to entering the 
chamber as well. However, the impact of these savings is limited due to the relatively small 
number of tows in this category and the fact that in some cases the lock would be available prior to 
the completion of the reconfiguration. Additional information on the potential benefits to setover 
and knockout lockages is provided in the section on guidewall extensions. 

Conditions Affectina Implementation. As stated under the helper boat option, there is 
considerable uncertainty in the ability to provide increased approach time savings. As a result, 
this analysis focused on the benefits of switchboats in assisting other steps in the lockage process. 

One limitation of using switchboats to pull cuts along extended guidewalls is that they only 
realize remake time savings if the next tow is traveling in the same direction (turnback lockages). 
They also require extended (preferably 1,200-foot) guidewalls. Even with extended upper 
guidewalls, pulling cuts under outdraft conditions does present some safety risks under high flows. 

Comments from navigation industry question the safety and reliability of using DeLong 
Pier/Spud Barge guidewall extensions. Although these facilities worked to a reasonably 
acceptable level at old Lock 26 as a short-term improvement, the approach to that particular lock 
was in slack water. It did not have the considerable outdraft conditions that exist at most of the 
other sites on the lower UMR. Industry commented that the greater the outdraft the harder it will 
be to make the approach and the greater the risk that a tow moving to the lock will hit the piers, 
moving them out of position or damaging them. In general, a pier/barge guidewall extension 
compared to a permanent wall would have relatively high annual maintenance costs and a shorter 
life. In particular, if the actual damage to the piers is greater than anticipated, it could 
significantly increase maintenance costs, expand periods of unavailability, and reduce usable life. 
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Cellular sheet-pile constructed guidewall extensions would provide more reliable performance and 
greater certainty in obtaining benefits since they are very similar to the walls in use on various 
portions of the inland waterway system. 

Concern was also expressed that during outdraft conditions an 1,800-horsepower boat could 
not and should not try to back a cut out to the end of an extended DeLong Pier wall because the 
current coming under the wall extension could pull the tow off the wall. In addition, any gaps 
between the piers/barges could catch the tow, making it more vulnerable to outdraft currents. This 
creates a particularly dangerous situation because if the tow leaves the wall it could get pulled 
towards the dam without adequate horsepower to control the cut. 

Industry does not believe DeLong Pier/spud barge guidewalls are an acceptable alternative, 
and they strongly recommend using a permanent guidewall extensions instead, especially for the 
upstream wall. If permanent walls are not provided, it may be necessary to extract the cut some 
distance, tie it off, bring the tow around to the downstream end and then push up to the end of the 
wall. With either method, a 2,200- to 2,400-horsepower boat would be recommended with 
temporary walls. However, with a permanent wall that cuts off flow and has unpowered traveling 
kevels, the switchboat should be able to extract cuts under all flow conditions using an 1,800- 
horsepower boat backing to the end of the wall. 

Costs associated with this measure fall into two general categories-vessel costs and Costs. 
guidewall extension costs. These two items are discussed separately below. 

Vessel Cost: The Corps of Engineers’ Draft Economic Planning Guidance for Shallow Draft 
Vessel Costs estimates that switchboat replacement costs range from approximately $1.3 to 
$2.4 million depending on the type, size, horsepower, and features of the boat. The total daily, 
yearly, and hourly costs in 1996 dollars for operating a switchboat of various size categories have 
been summarized in Table 4-6A below. In addition, a factor of 13.5 percent was added for profit 
since the guidance only addresses operating costs. 

Two switchboats would be required to provide maximum benefits, except at sites with an 
auxiliary lock, which could have one switchboat service tows traveling in either direction. As a 
general rule, boats used to pull cuts along the wall should be roughly 1,800 horsepower to have 
adequate control over the cut and be able to overcome outdraft currents under virtually all river 
conditions. 

Three possible scenarios exist regarding how these boats could be supplied: (1) the 
government could purchase boats and provide assistance, (2) harbor services and tow companies 
with switchboats could provide assistance under government contract, or (3) the existing approach 
used for helper boats could be expanded to switchboats (a harbor service or tow company provides 
assistance and then bills the assisted vessel directly). 

On the UMR-IWW System, most tows are currently charged a fee of approximately $250 per 
assistance or $150 per hour for the use of a helper boat or switchboat. The cost varies by site, 
depending on the type of boat available and whether the boat must travel to reach the lock site. 
However, the costs in the table below are the expected costs assuming that demand for the assist 
boats would lead to nearly continuous utilization of the boat and its crew, In arriving at an annual 
cost, the daily costs were multiplied by 270 days, the approximate length of the navigation season 
on the UMR. In contrast to the upper sites, the lower UMR locks and IWW locks remain open 
virtually all year. However, lock usage on the UMR in winter is low and open pass conditions 
occur on the lower IWW during significant portions of the year, limiting the requirement for 
continuous switchboat availability. In addition, some assist vessel cost is already being incurred at 
many sites due to the existing use of helper boats. At these sites, if switchboats could provide the 
same level of approach assistance, costs could be reduced accordingly. 
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Note: Fuel cost is $500 - $600 higher per day if under high power most of the time. 
Source: FY97 Planning Guidance, Shallow Draft Vessel Costs. 

Guidewall Extension Costs: The existing guidewalls can be extended in essentially two ways, 
using cellular sheet pile construction with precast concrete panels or DeLong Pier/spud barges. 
These two options have differences in cost, usable life, performance and safety, as discussed in the 
Conditions Affecting Implementation section. 

There is a potential to use DeLong Piers or jack-up barges to serve as a guidewall extension, 
similar to the approach used during the 1970s for several years at Old Lock 26 (see Table 4-6B). 
The concept would extend the flat rubbing surface provided by the guidewall an additional 
600 feet by aligning the piers/barges with the existing wall. These piers, which are made up of a 
barge anchored with pilings driven into the river bed, could be purchased or possibly obtained 
from government surplus. If new construction is required, a cost of approximately $700,000 
would be incurred per 195-foot-long barge with four 30- to 36-inch-diameter spuds and %-inch 
steel sides. In addition, approximately $40,000 per pier per year would be required to maintain 
and repair the piers (patching, pumping out, etc.). Major rehabilitation, including residing the 
piers, replacing bracing, and repainting, would be required approximately every 5 years at a cost 
of $200,000 per pier. In addition, a cell would be added immediately upstream or downstream of 
the extended wall to protect the barges and provide a pivot point for tows. 

At some sites, additional costs would be required to excavate an adequate width to allow the 
barges to tit and to cover the additional cost of placing the spuds at rock founded sites. The first 
cost of these additions ranged from $60,000 to $330,000 at applicable sites. The one exception 
was the cost of $750,000 to remove the upstream dogleg guidewall at Lock 11. This includes the 
additional placement cost of approximately $10,000 per spud (4 spuds/barge) for placement at 
rock-founded sites (Locks 14, 15,20,22, 24, Lockport, Brandon, Marseilles, and Starved Rock). 

TABLE 4-6B: COST OF GUIDEWALL EXTENSION 
USING DE LONG PIERS/JACK-UP BARGES 

First Cost 
- First Cost of Piers (3-200’ Piers at $700,000 each) 
- Placement (1 week per wall at crew cost of $12,000 per day) 
- First Cost of a Protection Cell (30’ diameter) 

Subtotal First Cost for Cell, 3 Piers, and Placement 
- Contingency 25% 

Subtotal First Cost for Cell, 3 Piers, and Placement 
Annual Cost and Periodic Maintenance 

- Annual O&M ($40,000 per pier) 
- Rehab Piers Every 5 Years (includes dry docking at $200k/barge) 
- Useful Life - Piers/Barges 
- Annual O&M Cell 
- Useful Life - Ceil 

cost 
$2,100,000 

$60,000 
$400,000 

$2,560,000 
640,000 

$3,200,000 
cost 

$120,000 
$600,000 
20 years 
$20,000 

30 years 
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The second option is to provide permanent guidewall extensions using cellular sheet pile 
construction with precast concrete panels as a rubbing surface. These would be constructed 
primarily during winter closures to minimize impacts to navigation. The estimated first cost of 
permanent guidewall extensions averaged $23,450,000 for the upstream walls at UMR sites. This 
cost includes a cost of approximately $240,000 to extend the unpowered traveling kevel to assist 
in keeping the cut of barges along the upstream wall. The downstream wall first cost is 
considerably lower at $12,870,000, including $360,000 to provide an unpowered traveling kevel. 
The kevel cost is higher for the downstream wall since most upstream guidewalls currently have a 
kevel and rail, which would only need to be extended. For more information on the specifics of 
the design, construction methods, and detailed cost, see the guidewall extension section of this 
report. One key difference is that while permanent guidewall extensions have a much higher first 
cost, the annual maintenance cost of $32,000 is much lower and the expected life of 50 years is 
considerably longer. Costs for permanent guidewall extensions at IWW locks are estimated to be 
considerably higher due to greater impacts to navigation associated with the fact that there is not a 
winter closure time for construction. As a result, costs of impacts to navigation are anticipated at 
$60 to $80 million per wall extension. 

RelationshiD to Other Measures. The use of switchboats is compatible with most measures. In 
particular, traditional or DeLong Pier guidewall extensions are required to fully implement using 
switchboats to extract cuts. The use of scheduling to increase the number of tumback lockages 
also increases the potential benefits of this measure. 

The scheduling program measure and approach improvements can also address approach time 
issues to some extent and, as a result, have reduced joint benefits if combined with a switchboat 
option. Regarding pulling cuts, the tow haulage equipment, switchboats with remote remake, and 
industry self help measures provide similar assistance and would likely not be jointly selected. 

Conclusion. Use of switchboats, in combination with extended guidewalls, could provide 
significant time savings and should be considered at sites experiencing significant delays. 

. Switchboats with Remote Remake Areas 

Description of Measure. In contrast to the previous measure, larger boats in the 2,200- to 2,400- 
horsepower range were determined to be necessary to safely extract the unpowered first cut and 
push it to a remote mooring under all flow conditions. The additional size allows them to remove 
an unpowered cut from the chamber and move it to a remote mooring facility, as shown in 
Figures 4-3A, B, and C. Adequate mooring sites out of the approach path are required to fully 
implement the measure. Due to safety concerns, switchboats would not be used to back cuts 
upriver, above the dam. Instead a short guidewall extension, roughly 300 feet, would be provided 
to allow the switchboat to extract the cut, tie it off, uncouple from the cut, move to the 
downstream end, recouple, and then push upstream to the remote mooring. This allows both 
exchange and tumback lockage types to use the chamber while the first tow is remaking. This 
increases the flexibility over scheduling or the use of switchboats with guidewall extensions, 
which rely on multiple, same direction lockages. Switchboats can also assist tows in approaching 
the locks in adverse conditions and by moving ice and debris from around the chamber. Using 
switchboats in combination with remote remake areas can also reduce chambering times by 
allowing faster releases of water from the chamber. This faster filling and emptying is possible 
because removing the first cut of downbound tows reduces the potential to snap a line. 
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UMR-IWW System Navigation Study Detailed Assessment of Small Scale Measures 
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0:oa ~~ . . . . . . . . . . ...‘...’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...’ . . . . . . . . . . . . . . . . . . . ..~..~~~..~~~...~~... 

lsxit Second Cut 
5 mtn. to approach mooring and Remake at remote site - saving approx I5 min’ at 

I):05 
align cut on 

-Turnback Chamber 
0:oa 

oortng, uncouple boat, & move. 

.;&...$-..~~;; . . . . . . . . . . . . . . . . . . . . . . . . . j 

for first cut. 
Complete Entry 
Cl:13 

___--------------------------------- 
5 min to approach mooring & face uP to cut. --‘h 

I 

Lock 1 st Cut 
Cl:08 14- 15 min to remake. 

\ 
t- I P - {m(m 

Remove 1 st Cut 
0:oa 
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FIGURE 4-38: Double Lockage Elements - Two Switchboats and Remote 
Moorings Upstream Direction - 300-Foot Wall Extension 
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FIGURE 4-3C: Double Lockage Elements - Two Switchboats 
and Remote Moorings Downstream Direction 
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At most sites, the placement of upstream and downstream mooring facilities is required. The 
options for moorings include spud barges, moored barges, DeLong Piers, timber pile clumps, 
mooring cells or, in some cases, a waiting tow. If extended guidewalls were available at the locks, 
tows could remake along them and only the last tow of the N-up/N-down series would need to be 
taken to a mooring facility for remaking to open the approach for tows headed in the opposite 
direction. 

Delav Reductions MethodoloavlTime Savinqs Estimates. The potential time savings of using 
switchboats centers on the ability to reduce the time required for: (1) approaching the lock, (2) 
pulling the first cut of double lockages, (3) remaking of double lockages, and (4) reducing 
chamber emptying times. The estimated savings for each of these areas, along with the approach 
used to determine the savings, are summarized below. 

Information from a number of sources was reviewed and analyzed, including timing data 
from the 1975 Peat, Marwick, and Mitchell & Co. report entitled, Evaluation of Operational 
Improvements at Locks and Darn No. 26, Mississippi River; 1995 timing data from Mel Price 
Lock; 1990 LPMS data; responses from the February 4-5, 1997, Expert Elicitation meeting with 
navigation industry; and interviews and site visits with lo&masters and navigation industry. This 
section reports the results of these efforts and summarizes the average time savings for UMR 
Locks 11-25 and IWW locks from Lockport to La Grange. 

Atxwoachina the Lock. In general, switchboats can provide the same approach time 
savings benefits as helper boats. As the size and horsepower of assist boats increase, they become 
less maneuverable and effective in providing approach assistance, but the lockmasters generally 
reported switchboats would provide the same time savings as helper boats. As addressed in the 
helper boat summary, information from the expert elicitation meeting with lockmasters and 
navigation industry was used to estimate the time savings potential at UMR locks. 

However, the fact that at many sites tows already use assistance under normal flows limits the 
potential incremental savings. Also, a wide range of factors affect the potential savings, including 
variability of flow, site-specific differences, the pilot and crew skill levels, weather, etc. These 
factors make it very difficult to accurately predict what, if any, additional approach time savings is 
possible. In addition, when a queue is present and the lock operates with multiple turnback 
lockages these benefits are even more limited since only fly and exchange lockages typically 
experience the full benefits of approach assistance. 

Pullincl the First Cut of Double Lockaaes. Assistance with this portion of the lockage 
results in the ability to extract cuts faster than the existing tow haulage, allowing the lock gates to 
close earlier and speed the lockage process. The switchboat can then take the unpowered cut 
along the guidewall or remove the unpowered cut to a remote site. The data used to evaluate the 
potential benefits of having switchboat assistance included data from the Lock and Dam 26 tests 
conducted by Peat, Marwick, and Mitchell (1975); 1995 timing data from Melvin Price Lock; 
1990 LPMS data; and verification by lockmasters and industry. It is important to note that the 
time savings estimates record the reduction in time needed to extract the cut clear of the gate, 
allowing the gate to close for the next cut. This is shorter than the entire time to move the cut to 
the end of the extended guidewall and tie off the cut. 

As summarized in the previous section, the study team reviewed the data Peat, Marwick, 
Mitchell & Co. (1975) collected on switchboat assistance at old Lock 26 from November 19, 1973, 
to December 2 1, 1973. The switchboat used for the test was a 1,140-horsepower twin-screw tow 
with electric winches. Comparing only extraction times for switchboats with the base period 
indicated a time savings of 7 minutes for upbound and 13 minutes for downbound lockages. This 
resulted in reducing times from the existing condition of approximately 13 minutes for tow 
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haulage to 5 minutes with a switchboat for upbounds. Downbound exits were reduced from 19 to 
6 minutes. 

The study team used data collected as part of the LPMS to estimate the time savings of using 
a switchboat to extract the unpowered cut of a double lockage at each site. This was done by 
comparing the average times for UMR Locks 1 l-25 to extract the unpowered cut of double 
lockages with the existing tow haulage, 14 minutes upbound and 17 minutes downbound, and the 
exit time of a powered single cut, 5 to 6 minutes for upbound and downbound, respectively. This 
includes the assumption that a switchboat pulling an unpowered cut from the chamber closely 
approximates the exit of a single lockage tow from the chamber. However, an additional 
2 minutes was also included to allow for the switchboat to make its coupling. The distributional 
characteristics of the single lockage tow data were again assumed to hold for the switchboat 
extractions. The result was an estimated time savings of 7 to 9 minutes for upbound and 
downbound, respectively. The IWW locks showed somewhat smaller time savings of 5 minutes 
for upbound and 6 minutes for downbound. The specific data on each site are summarized in 
Table 4-7. 

Time Savings = Existing Extraction - (Exit of f 2 min. to make) 
with Tow Haulage Single couplings 

The estimated time savings in pulling cuts is supported by actual field data collected from 
February 27, 1995, to March 14, 1995. During this time period, a 1,500-horsepower switchboat 
was used at the Mel Price Lock and Dam near Alton, Illinois, on the UMR to pull cuts from the 
600-foot auxiliary chamber along the 1,200-foot guidewall during a closure of the facility’s 1,200- 
foot lock chamber. The switchboat was able to reach extraction speeds of 300 feet per minute. In 
addition, the switchboats were often able to face up and be ready for extraction prior to the gates 
being fully recessed. While times for this site are not available for double lockages without the 
switchboat, since larger tows would normally use the 1,200-foot chamber, the various times 
collected provide insight into the relationship between various time elements. The timings 
analyzed included the time from the recessing of the gates to the stem of the cut over the gate. 
During this test, the average time to pull the first cut with the switchboat averaged 6 minutes for 
upbound and 7 minutes for downbound. In contrast to these numbers, the exits of singles took 
5 minutes and 4 minutes, respectively, for upbound and downbound. These data support the 
assumption that in general with a 2-minute allowance for the making of couplings, the exit of a 
single comes fairly close to approximating the extraction of an unpowered cut with a switchboat. 

At the expert elicitation and during interviews, the lo&masters and navigation industry 
generally affirmed that the LPMS data analysis provided a close and valid approximation. These 
numbers are also similar to the results from the former Lock 26 and Melvin Price timing studies. 

Remakinq of Double Lockaaes (Exit and Clear Second Cut). The use of switchboats to 
pull cuts to remote moorings allows tows to remake out of the chamber, benefiting both exchange 
and tumback lockages since remake occurs clear of the lock chamber, guidewall, and approach 
path. The general sites under consideration for remake areas are shown in Figure 4-4. While this 
process allows the next tow to use the lock earlier, it does not reduce the actual remake time for a 
particular tow, it just occurs at a facility where it does not cause delay to tows in the queue. If the 
time is included to move both cuts to the remote mooring, align them, recouple, and then leave the 
mooring area, it is likely that the process will actually take as long or longer than the existing 
process. However, it does alleviate the existing condition at locks with 600-foot guidewalls where 
a double lockage tow is unable to exit the chamber until it has remade its couplings, keeping the 
chamber from servicing other tows. 

The additional steps associated with using a switchboat and the remote moorings add 
variability to the lockage process and are highlighted in the following section. 
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The potential time savings associated with moving the remake area out of the chamber has 
been timed and estimated in a number of reports. The 1975 Lock and Dam 26 test demonstrated 
the potential to reduce upbound exit and clear times for double lockages from 26 to 10 minutes for 
upbound and from 25 to 11 minutes for downbound. This resulted in a time savings of 
approximately 16 minutes on upbound and 14 minutes on downbound. The majority of this time 
is related to eliminating the need for the tow to remake while blocking the chamber. 

The Improved Tow Haulage Equipment report prepared by Sverdrup as part of the UMR- 
IWW System Navigation study estimated remake time savings at approximately 15 minutes for 
lower UMR locks (Locks 20-25) and 19 minutes at La Grange Lock on the IWW. In estimating 
these time savings, Sverdrup used OMNI data (similar to LPMS data but with an additional time 
element) from all double lockages occurring in 1992 at these sites. The time for the exit of the 
second cut until the remade tow removed its headline and begins leaving the lock was analyzed. 
In order to isolate the remake time, 2 minutes was subtracted from the total time to account for the 
tow facing up to the cut, a movement of approximately 50 feet. The values are also similar to 
those provided by Louis Berger & Associates (198 1) who estimated 13.5 minutes for recoupling. 

The LPMS data were analyzed using the same procedure as in the helper boat test to estimate 
the potential time savings of moving remakes out of the chamber. In order to estimate the time 
savings, the actual exit times of the second cut of double lockages were used and compared with 
the exit times of singles. 

Data from turnback lockages were used for these calculations since the timing is stopped once 
the tow clears the gate. Using turnback lockages reduces the variability associated with exchange 
and fly approaches. Based on the expert elicitation and interviews with lockmasters, the exit time 
of singles serves as a close approximation of the exit of the powered-second cut of double 
lockages if the first cut has been removed a sufficient distance from the chamber. 

Using the formula listed below and 1990 LPMS data for UMR Locks 1 l-25, a time savings of 
15 minutes for upbound tows and 18 minutes for downbound tows was calculated. This savings 
represents a reduction in the existing tow exit time of the second cuts from approximately 20 to 
5 minutes and 24 to 6 minutes, respectively, for downbound and upbound tows. The average time 
savings for the IWW locks was somewhat larger at 19 minutes for upbound and 20 minutes for 
downbound. Data for all locks receiving detailed evaluation are shown in Table 4-7. 

Time Savings = Existing Exit Time of 2nd - Exit of Single 
Cut (including remake) 

At the elicitation, the panelists agreed with the assumption that the exit of a single can be 
used to approximate the exit of a powered cut if the first cut has been taken to a remote remake 
area or the end of an extended guidewall. As described in the previous section, data from Melvin 
Price lock were collected which also support these assumptions. The exits of the second cut when 
the first cut had been taken down the guidewall were 5 minutes and 6 minutes for upbound and 
downbound, respectively, while the exits of singles took 5 minutes and 4 minutes for upbound and 
downbound, respectively. These values tit closely with the assumption that the exits of singles 
approximate the exit of the powered cut if the first cut has been removed from the chamber. 

Other Time Considerations: In addition, to simply identifying the savings of moving the remake 
out of the chamber to a remote mooring site, the study team analyzed the movements of the tow 
and switchboat. Of major concern was whether or not the switchboat and first cut could get to the 
mooring and tie off prior to the second cut arriving, if the switchboat could return to the lock in 
time to pull the next cut, whether or not the previous tow could complete its remake and exit the 
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moorings prior to the next tow being ready to use them, and the overall time it would require a tow 
to finish remaking and leave for its destination. 

This analysis looked at Lock 21 (lock with fastest average filling and emptying time), Lock 
24 (lock with slowest average filling and emptying times), and a reasonable minimum (as might 
occur during periods of high water). It also looked at the effects of mooring location, whether 
close to the lock (0.5 mile) or farther from the lock (1 .O mile). While not a detailed look at each 
site, the analysis helps to bound the expected performance. 

Based on the following analysis, there will be times for upbound tows when the second cut is 
delayed in approaching the remote remake area, while the first cut is still tying off to the mooring 
and the switchboat is uncoupling. In addition, for moorings located more than % mile from the 
lock facility at locks with quick filling and emptying times (like Lock 2 1) and during periods of 
small elevation differences between pools, a single switchboat would not be able to extract the 
cuts and get back to the chamber in time to extract the following unpowered cut without delay. In 
these situations, the other switchboat would be brought from the lower pool, along side the first 
upbound towboat. It would then assist by pulling every other cut. Using these assumptions, under 
most situations the total reduction in lockage time to the queue identified in the previous sections 
of 22 minutes upbound and 27 minutes downbound for locks on the UMR could be obtained. If 
the other switchboat is not brought to the same pool, some reduction in time savings of up to 5 to 
10 minutes per lockage is possible. 

The analysis was based on the following assumptions. The switchboats would have a crew 
with two deckhands, and only one deckhand from the locking tow would go with the first cut to 
the remote remake site. For upstream tows, the switchboat would enter the lock and extract the cut 
by backing along the guidewall until the cut clears the gates by roughly 300 feet. This involves 
pulling cuts to the end of the new 300-foot extended guidewall. The cut is then tied off, the 
towboat uncouples, moves to the downstream end and recouples, the lines are released, and the cut 
moves upstream. Switchboats and tows could operate at 4 mph in moving cuts to the moorings 
and 6 mph in returning to the lock without a cut. In contrast, downbound tows would be backed to 
just below the remote remake area and then would approach the mooring moving upstream. The 
first column of Table 4-8 shows the assumptions used regarding the time for various steps in the 
lockage process. The assumptions of time for the various steps were used as input into the second 
column where the effects were analyzed for various steps in the process. 

Six different steps and processes were analyzed: 

1) The first analysis evaluated the potential for the exit of the second cut to be delayed due to 
the lengthy extraction and reconfiguration required of the first cut. This analysis showed that the 
chambering time, even at its minimum, will on average take considerably longer than the 
extraction and reconfiguration of the first cut, allowing adequate time for reconfiguration without 
blocking the exit of the second cut. In addition, delaying the exit of the second cut is not a 
concern for downbound tows, which will simply be backed to the mooring, taking considerably 
less time than the reconfiguration required for upbound tows. 

2) This second analysis revealed that there are likely to be some delays for the second cut at 
the remote moorings as the switchboat finishes aligning, tying off the first cut, uncoupling, and 
moving out of the way (especially at sites with lower elevation differences and during periods of 
high water). While this does show the need for smooth operations, it does not demonstrate that 
there will necessarily be a delay to the next tow. 
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Assumptions for Timing 
Estimate Average 

Extracting 1st Cut (gate has been cleared) 
Extract cut to end of GW 3-4 min 3.5 
Tie-off cut 3-4 min 3.5 
Uncouple switchboat 3 min 3 
Move around cut and face-up 3-4 min 3.5 
Recouple switchboat 3 min 3 
Remoie Lines 

Sub-Total 
2 min 2 

17-20 min I a.5 

Get 1st cut to mooring 
Move cut to mooring 
1st cut approach mooring 
Tie-Off 
Deck hand moves off cut 

Estimate 0.5 mile 1 mile 
.5-l 5 min 7.5 15 

5 min 5 5 
3-4 min 3.5 3.5 
I-2 min 1.5 1.5 

Uncouple and move tow 3 min 3 3 
Sub-Total .5-29 min 20.5 28 

S/boat return to lock 5 10 
2nd cut moves to Mooring 7.5 15 

2nd Cut Mooring B Remake Estimate Average 

2nd Cut approach Mooring 5 min 5 
Remake 14-17 min 15.5 
Clear Lines 8. Exit Mooring 3 min 3 

Sub-Total 22-25 min 23.5 

Lock Operations Times 
(Using 1990 LPMS Data??) Lock 21 Lock 24 1 Min Fill/Empty 
Tumback Chamber 63 10.2 5 
Entry 2nd Cut a a a 
Lock 2nd Cut 6.2 10.2 5 
Exit Chamber 5 5 5 

Sub-Total 25.5 33.4 23 

Turnback Chamber 63 10.2 5 
Approach Next Tow 0 0 0 
Entry 1st Cut/Uncouple 13.4 13.5 13.5 
Lock 1 st Cut 62 10.2 5 

Sub-Total 25.9 33.9 23.5 

I Extract Cut - Clear Gate US Lock21 Lock24 Avg 
Switchboat 5.9 7 7.2 

Analysis of Remote Remake - US with 300 foot wall 

11 Potential for First Cut to Delay Lock21 Lock24 Min 
Exit of Second Cut at the lock 
Turnback chamber & Lock Second Cut 25.5 33.4 23 
Extract 1st cut, reconfigure, and leave wall 

Total Available Time (Neg indicates Delay) 
la.5 la.5 i a.5 

7 14.9 4.5 

21 Potential for Delay to 2nd Cut at Mooring 
will 1st Cut finishes tie-off b boat exits 
Turnback chamber, lock 2nd cut, move to remake 
Extract 1st reconfigure, tie-off at remote mooring 

Total Available Time (Neg indicates Delay) 

Lock 21 Lock 24 Min Head (1 min Fill 
0.5 mile 1 mile 0.5 mile 1 mile 0.5 mile I mile 

33.0 40.5 40.9 48.4 30.5 38.0 
39.0 46.5 39.0 46.5 39.0 46.5 
-6.0 -6.0 1.9 1.9 -a 5 -8.5 

3/ Potential for Delay at Lock Pulling Next Cut Lock 21 Lock 24 Min Head (1 min Fill 
due to Switchboat not returning in time 0.5 mile 1 mile 0.5 mile 1 mile 0.5 mile 1 mile 
Lock 2nd Cut of Tow 8 1st Cut Next Tow 51.4 51.4 67.3 67.3 46.5 46.5 
Extract 1st cut, take to mooring, and return 44.0 56.5 44.0 58.5 44.0 56.5 

Total Available Time (Neg indicates Delay) 7.4 -5.1 23.3 to.8 2.5 -10.0 

41 Potential for Delay at Mooring as Next Tow Lock 21 Lock 24 Min Head (1 min Fill 

Approaches 8 1st Tow finishes remake 8 exits 
Second Tow to Lock and Ready to Approach Remake 
Complete 1st Lockage & Remake at Mooring 

Total Available Time (Neg indicates Delay) 

0.5 mile 1 mile 0.5 mile 1 mile 0.5 mile I mile 
83.3 95.9 100.3 107.8 79.7 97.2 
62.5 70 64.4 71.9 62.5 70 
20.8 25.9 35.9 35 9 17.2 27.2 

$I Total Change in Lockage Time for the 
Locking Tow Compared to Existing Conditions 
Complete 1st Lockage 8 Remake at Mooring 
Existing Time Assuming SB Extract Cuts 

Sub Total 

Lock 21 Lock 24 Min Head (1 min Fill 
0.5 mile 1 mile 0.5 mile 1 mile 0.5 mile 1 mile 

62.5 70 64.4 71.9 62.5 70 
48 48 55.9 55.9 45.5 45.5 

14.5 22 a.5 16 17 24.5 
Minus Additional Distance Traveled 7.5 15 7.5 15 7.5 15 

Total Change in Time (+ means new process is slower) 7 7 1 1 95 9.5 

61 Analysis of Change in Time for Locking Tow 
Total Lockage Time-Not Including Approach 
With Switchboat & Remote 
Existing with Tow Haulage 

Sub Total 

Lock 21 
aa 

80.7 
7.3 

Lock 24 Lock (Min) 
95.5 95 1 102.6 aa 2 95 7 
80.7 92 9 92.9 78 78 
14.8 2.2 97 102 17 7 I Minus Total Additional Change in Distance Time (+ means Traveled new process is slowe:) -0.2 7.5 -0.2 15 -5.3 7.5 -5.3 15 7.5 2.7 2.7 15 
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3) Next, the analysis looked at the operations required of the switchboat and whether or not it 
would be able to finish with one tow at the remote facility and return in time to extract the first cut 
of the next tow. The analysis demonstrates that at lock sites with remakes located roughly 1 mile 
from the locks and during times of minimum chambering times there is a potential for delay. It 
also demonstrates that even with modest variability the small margin at Lock 2 1 indicates that it 
will often be necessary to move the tow from the lower pool up to assist in extracting cuts. The 
fact that in many cases both assist boats would need to move to the same side of the lock to 
alternate pulling cuts greatly complicates operations. This also increases the likelihood of 
inefficiencies and delay. 

4) A key concern of the analysis was to identify whether or not there is likely to be a delay 
for the next tow at the remote facility. This was an area of concern, that the delays would simply 
be transferred from the lock facility to the remake area. This analysis indicates that this should not 
be a regular problem for upbound tows. There appears to be 15 to 35 minutes of time available 
after the previous tow has completed its lockage. While this does provide an indication that there 
are not likely to be regular delays, at times of low elevation differences or at locks with fast tilling 
and emptying times there may be occasional delays at the remote mooring. 

5) This analysis compares the overall total lockage time required for a specific tow if it uses 
the remote remake versus the existing guidewall with just switchboat assistance on extracting the 
cut. This evaluation revealed that while not much different at locks with faster filling and 
emptying times and during periods of small elevation differences, the actual tow using remote 
remake will require more time (5 to 10 minutes) than if it just remade at the lock site. 

6) The final analysis is similar to the previous one. However, rather than just looking at the 
lock process times following the extraction of the first cut, this analysis looks at changes in the 
total lockage time. It also compares the new time with switchboats and remote remake versus the 
existing lock extraction time using the slower cable winch system instead of switchboat assisted 
extractions. This evaluation revealed that in general the entire process will still save the tow a 
little time. This is essentially due to the fact that the faster extraction of the first cut compensates 
for the additional time associated with approaching the remote remake area. 

General conclusion is that the operations should work as a way to reduce times without 
significantly reducing the benefits identified for faster extraction and remote remake. However, 
there are potentially significant limitations to this analysis and the overall benefits. These 
numbers represent means and as a result there are likely to be some considerable variations over 
time and from lockage to lockage. This new process involves more steps, risks, and variables than 
current operations. There is a high likelihood of some delay time periods occurring due to a given 
tow or group of tows taking longer on one or a number of steps. This could periodically 
significantly reduce the overall benefits. 

Reducing Chamber EmtAvina Times. Typically, the rate of emptying the chamber is 
slowed when an unpowered cut is waiting in the downstream approach for the powered cut to be 
locked through. The concern over creating turbulent water and possibly snapping lines is 
eliminated if the unpowered cut is removed and taken to a mooring facility for remaking. Figure 
4-5 shows the location of the discharge ports relative to a first cut located along the existing wall 
or at a remote mooring. 
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The Peat, Marwick, Mitchell & Co. (1975) report showed a savings of 4 minutes; however, 
the actual time savings is highly dependent on the head difference and location of discharge. The 
former Lock 26 had a greater difference in water level elevations (approximately 20 feet) between 
its upper and lower pools than most locks on the UMRS. As a result, at most UMR locks, which 
typically have smaller water level differences of 10 feet or less, smaller time savings are likely. 
Using LPMS 1990 data, the potential for faster chambering times was calculated by comparing the 
chambering time for the first and last cuts of double lockages. This analysis showed that for the 
UMR sites, limited time savings of 0 to 2 minutes are all that is possible on average. Time savings 
estimates for each lock are shown in Table 4-7. At lower flows, when head differences are the 
greatest, slightly higher time savings are possible. At higher flows, there would be little or no 
savings. Somewhat higher savings of 1 to 7 minutes are anticipated for the Upper IWW locks 
where the difference in water level elevations is greater. 

Total Time Savinqs. As the following table indicates, a variety of time savings appears 
possible with the use of a switchboat and remote remake areas at UMR locks. Similar time 
savings are possible at IWW sites. In total, it appears possible to reduce lock utilization times by 
20 to 30 minutes. The use of switchboats at the former Lock and Dam 26 site to extract 
unpowered cuts and move them to mooring facilities away from the lock approach for remaking 
was summarized by Peat, Marwick, Mitchell & Co. in a 1975 report. Their analysis showed a time 
savings of 29 minutes for double lockage tows, reducing the overall lockage time from 125 to 96 
minutes. This total time reduction applies only to the waiting tows since the particular tow being 
locked through must still remake at the mooring facility before proceeding. The switchboat 
measure provided the greatest time savings of the three measures they tested, including extended 
guidewalls and industry choice (which involved the use of helper boats and improved scheduling). 

The numbers in Table 4-9 summarize the expected average time savings based on the 
analysis of LPMS data. The time savings estimates are very similar to the former Lock 26 timing 
study. The 22- and 27-minute estimates for doubles do not include potential approach time 
savings, but they do include the remake time savings possible for all types of doubles. The actual 
time savings for a queue depends on the lockage types, number of tows requiring double lockages, 
how the extraction is handled, number of switchboats, and whether they are assisting with 
approaches. 

TABLE 4-9: ESTIMATED SAVINGS FOR SWITCHBOAT USE 

While the tows waiting in queue generally can benefit from the full 22- to 27-minute 
reduction in lockage time, the actual tow being assisted is likely to require more time to use the 
lock and remake area than before. Estimates show that an upbound tow is likely to spend from 
5 to 25 minutes more in the lockage process than it would currently. This is primarily due to the 
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additional time required to move both cuts to a remote site, approach the mooring, face up, and 
then remake. Downbound tows, which are not required to turn around, will have more limited 
increases in overall processing time at the locks and remake area, on the order of 0 to 20 minutes. 
However, since some of this additional time (roughly 7.5 to 15 minutes) is associated with moving 
to the mooring, which also moves the tow closer to its eventual destination, only the additional 
approach and maneuvering time represents an added inefficiency. This results in a more limited 
additional time of O-10 minutes, depending on lock cycle times and distance to the moorings. 

Conditions Affecting Implementation. A key requirement for the implementation of switchboats 
is the existence of moorings located out of the approach path. During the test at the former Lock 
26 site, two 152-foot rock barges were used for remaking tows above the lock and five timber 
piles were placed approximately one-half mile downstream. Most tow pilots considered this 
length of just over 300 feet to be inadequate. As part of the expert elicitation, the participants 
were asked to estimate the minimum length required for remaking a tow on a landside mooring or 
riverside mooring. The elicitation responses were similar for the two locations-approximately 
700 feet. After tabulating the responses, further discussion indicated that any length 600 feet or 
greater would be acceptable. 

As part of the expert elicitation meeting, participants also addressed feasible mooring 
locations and horsepower requirements. The available remake sites vary by lock locations. As 
part of the 1975 switchboat test, the cuts had to be backed upstream 1% miles or the switchboat 
had to turn the barges around and push them upstream. Downbound tows were taken 
approximately % mile below the lock to five timber pile clumps. The upstream mooring was 
located on the Illinois bank, the same side as the lock, while the downstream mooring was more 
towards the Missouri side in the tailwater of the dam. An observation coming out of the test was 
that, if possible, the downstream mooring should be placed to minimize the need for tows to cross 
the river and align in the tailwater of the dam. 

As discussed in Section 3, remote remake areas were identified for most lock locations. 
However, at most locks on the IWW, the combination of a narrower channel and greater numbers 
of other structures around the locks reduces the potential remake areas. If remote remake sites can 
not be identified for a particular lock, guidewall extensions could be considered. However, the 
benefits would be reduced for exchange lockages, since remake savings with guidewall extensions 
only benefit tumback lockages. 

As part of the expert elicitation, participants were asked to provide input on their willingness 
to use a riverside mooring above and below the lock using either a switchboat or industry boat 
under self help. The general results showed similar responses between willingness to use either 
type of boat. However, there were significantly more reservations about using upstream moorings 
on either the riverside or landside. The towboat captains and lockmasters cautioned that high flow 
conditions would prohibit the backing of cuts upstream away from most UMR locks if only a 
1,200-horsepower boat were available. However, if a larger 2,000-horsepower switchboat were 
available, the experts felt that cuts could be pulled (backed) upstream 70 to 80 percent of the time 
at most locks. Downstream exits, which occur below the dam and without significant outdraft, 
involve less risk, and participants felt that a 1,200-horsepower switchboat would be able to pull 
cuts under all conditions when the system is open to navigation. 

The Section 3 summary includes estimates from most lockmasters on the horsepower 
requirements at their locks. A towboat captain on some of the site visits stated that as a general 
rule towboats can push three times the load they can pull. Subsequent to the expert elicitation, 
additional concerns were expressed at the risk of backing cuts upstream and inadequate 
horsepower requirements. As a result of these concerns, the Coast Guard was consulted. 
Although specific horsepower requirements are not available for tows, the Coast Guard uses the 
general rule that tows should have 250 horsepower per loaded barge during extreme high flows. 
This results in the need for approximately a 2,250-horsepower boat to push nine loaded barges 
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upstream to a remote remake site under all flow conditions. Tows in this size category were 
selected for the analysis to provide an adequate margin of safety. 

The use of remote remake areas, especially above the lock, increases risk, adds additional 
steps, and presents some safety concerns. More maneuvering and handling of barges is required. 
For example, if the switchboat turns the barges around to push upstream, the barges would need 
turning again before being placed along the mooring. This is a high risk activity. During the Lock 
26 test, these actions which increase maneuvering above the dam did not result in any problems, 
but the increased handling of the barges upstream of the dam increases the chance of an accident 
and potential for damage to private property or the government facility. 

Nearly all of these issues and concerns highlight the need to avoid backing cuts upstream on a 
regular basis if at possible. To reduce these high risk operations, the upstream guidewall would be 
extended 300 feet in order to provide enough room for the switchboat to extract the cut, tie it off, 
and then move around behind the cut to push it upstream. However, even this process adds steps 
and only reduces the potential for something to go wrong. 

In addition, the pattern of flow and position of moorings affects the ability to use this 
measure. The increased numbers of operations required by remote remake (at least two additional 
approaches) also increase variability and the risks that the full time savings will not be achieved. 

Costs. Implementing a switchboat measure involves three primary costs: switchboats, 300-foot 
upstream guidewall extensions, and moorings. 

Vessel Cost: The cost of new switchboats varies from approximately $2.0 to $2.4 million 
depending on the type, size, horsepower, and features of the boat. Estimated implementation costs 
are summarized below. Two switchboats would be required to provide maximum benefits, except 
at sites with an auxiliary lock, which would allow one switchboat to service tows traveling in 
either direction. 

As mentioned under the previous measure, switchboats could be provided by the Corps, 
privately owned and contracted by the government, or made available under the current 
arrangement where harbor services provide the boats and private towing companies pay on a per- 
assistance basis for a flat fee or hourly charge. 

The switchboat costs shown below are from the U.S. Army Corps of Engineers FY97 
Planning Guidance, Shallow Draft Vessel Costs, based on late 1996 price levels. These costs are 
intended to provide a general guide, but actual costs will vary. A factor of 13.5 percent was added 
for profit since the guidance only includes operating costs. The yearly cost was estimated by 
multiplying the daily cost by 270 days which is the approximate length of the navigation season. 
The St. Louis District of the Corps of Engineers incurred a cost of $150 per hour during 1995 
when a 1,500-horsepower switchboat was provided at government expense to pull cuts. However, 
at sites with full implementation of switchboats, the existing use of helper boats could be 
eliminated, thereby reducing the incremental cost to implement the measure. 
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TABLE 4-IOA: DAILY COST TO OPERATE A SWITCHBOAT 

Note: Fuel cost is $500 - $600 higher per day if under high power most of the time. 
Source: FY97 Planning Guidance, Shallow Draft Vessel Costs. 

Remote Mooring and Guidewall Extension Costs: Some significant additional cost would be 
associated with providing mooring facilities and guidewall extensions. 

Based on the results of the elicitation, 600 to 700 feet of flat surface would be required per 
mooring. The recommended option would be the use of a combination of permanent sheet pile 
mooring cells and spud barges, as shown in Figure 4-4. A spud barge is a flat deck barge with four 
spuds or pilings that can be driven into the river bottom to anchor the barge in place. Using a spud 
barge size of 195 feet long, 35 feet wide, by 10 feet deep, each mooring would require four spud 
barges. The cells would provide a pivot point for tows landing and maneuvering at the remake 
area, offer some protection for the spud barges, and assist in locating the exact mooring location 
following winter storage of the barges. The cost per mooring would include the estimated cost of 
$700,000 per barge times the three barges that would be required, and an estimated cost of 
$400,000 per cell, including $60,000 for placement costs. Most sites in the study area would 
require the placement of a remote remake area both above and below the lock, doubling the overall 
cost. 

There is a potential that some spud barges would be available on a temporary basis from 
government surplus, similar to the DeLong Piers used in the 1970s at old Lock 26. In either case, 
it can be expected that a cost of approximately $40,000 per barge per year would be required to 
maintain, repair, and move the barges. Major rehabilitation of the barges, including residing and 
replacing bracing, would be required approximately every 5 years at a cost of $200,000 per barge 
(see Table 4-10B). Although not included in the cost estimates, some form of lighting at the 
remake area may also be required to provide adequate safety and efficiency during night lockages. 
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TABLE 4-108: COST OF REMOTE MOORINGS USING MOORING 
CELLS AND SPUD BARGES 

First Cost cost 
- First Cost of 2 Mooring Cells $800,000 
- First Cost of 3-200’ Spud Barges ($700,00O/barge) $2,100,000 
- Placement (1 week per wall at crew cost of $12,000 per day) $60,000 

Subtotal First Cost for Cell, 3 Piers, and Placement $2,960,000 
- Contingency 25% 740,000 

Total First Cost of Mooring 2 Cells & 4 Spud Barges $3,700,000 
Annual Cost and Periodic Maintenance cost 

- Annual O&M Cells ($20,000 per cell) $40,000 
- Annual O&M Spud Barges ($40k per barge) $120,000 
- Rehab Barges every 5 years (includes dry docking at $200k/barge) $600,000 
- Useful Life of Cells 30 years 
- Useful Life of Spud Barges 20 years 

In addition, the costs for extending the upstream guidewall an additional 300 feet are also 
included. Table 4-1OC shows the costs using pier/barges. However, significant concerns have 
been raised with this type of wall, and a permanent guidewall extension is also under 
consideration. At some sites, additional costs would be required to excavate an adequate width to 
allow the barges to fit and to cover the additional cost of placing the spuds at rock founded sites. 
These costs would be approximately one-half those discussed under the 600-foot guidewall 
extensions associated with the previous measure. The costs for permanent 300-foot guidewall 
extensions were estimated at approximately one-half the cost of the 600-foot extension discussed 
previously. This results in an estimated average first cost of $11,725,000 and annual maintenance 
of $20,000 at UMR sites. This would again include the extension of the unpowered kevel. As 
mentioned previously, costs for impacts to navigation at IWW locks are anticipated to be on the 
order of $30 to $40 million per lock for a permanent 300-foot upstream guidewall extension. 

TABLE 4-IOC: COST OF 300-FOOT GUIDEWALL EXTENSION USING 
A MOORING CELL AND DE LONG PIERS/SPUD BARGES 

First Cost 
- First Cost of Piers - (2-150’ Piers at $600,000 each) 
- Placement (1 week per wall at crew cost of $12,000 per day) 
- First Cost of a Protection Cell (30’ diameter) 

Subtotal First Cost for Cell, 3 Piers, and Placement 
- Contingency 25% 

Subtotal First Cost for Cell, 3 Piers, and Placement 
Annual Cost and Periodic Maintenance 

- Annual O&M ($30,000 per pier) 
- Rehab Piers Every 5 Years (includes dry docking at $150k/barge) 
- Useful Life - Piers/Barges 
- Annual O&M Cell 
- Useful Life - Cell 

cost 
$1,200,000 

$60,000 
$400,000 

$1,660,000 
415,000 

$2,075,000 
cost 

$60,000 
$300,000 
20 years 
$20,000 

30 years 

RelationshiD to Other Measures. The use of switchboats adds additional savings when 
combined with most measures. In particular, remote mooring facilities or extended guidewalls for 
remaking cuts out of the chamber are required for efficient use of switchboats to extract cuts. 
Scheduling both commercial and recreational vessels also assists in maximizing the benefits of 
switchboats. 

In situations where switchboats are available, they fill the same role in most instances as tow 
haulage equipment and industry self-help policy. While these measures are not mutually 
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exclusive, a number of the benefits overlap, and the benefits of using an additional measure when 
others are in place are reduced. If switchboats remove the unpowered cuts to mooring facilities 
away from the locks for remaking, then the benefits of crew element improvements are reduced, 
since the recoupling would be done away from the lock while other tows are able to use the lock 
facility. 

Conclusion. Switchboats in combination with remote mooring facilities provide time savings 
greater than those provided by industry self help and allow for remake assistance of exchange 
lockages with which switchboats with just guidewall extensions can not assist. However, this 
measure includes more operations and variability than using switchboats with guidewall 
extensions. 

. Industry Self Help 

Descrbtion of Measure. Industry self help relies on the towing industry to extract unpowered 
cuts without the assistance of lock personnel or equipment. In most cases, the line haul tows used 
have 2,500 to 6,000 horsepower, substantially larger, more powerful, and less maneuverable than 
either helper boats or switchboats. When self help is implemented, a waiting tow will tie off its 
barges and begin assisting other tows. This assisting boat acts as a switchboat by removing the 
unpowered cut from the lock and pulling it either along the guidewall or to a remote mooring. 
Under the existing procedure, a tow waiting to lock in the opposite direction is often used as a 
mooring. The powered cut is then able to simply lock through and proceed away from the 
chamber to the remake area. One advantage of a self-help policy is that, with little or no 
additional investment, it can serve as a temporary measure and be implemented as needed. 

Implementing self help can require significant coordination and cooperation among the 
various towboat companies. A general self-help policy approach has been developed in 
coordination with industry for Locks 20 to 25 on the UMR and Peoria and La Grange Locks on the 
IWW. The general approach has been to go to a self-help situation only when enough tows are 
present to operate under the 3-up/3-down policy, typically four or five tows. However, in practice 
lockmasters stated that they normally are operating 6-up/6-down, with lo-12 tows in queue prior 
to implementing self help. If delays continue and increase, the Chairmen of RIAC (River Industry 
Action Committee) are notified to assist in developing and implementing a more productive self- 
help policy. This direct involvement of industry allows for increased coordination and a large 
amount of flexibility to address location and queue-specific issues. 

Some use of this measure will likely continue into the future regardless of any actions taken 
by the Navigation Study. However, as part of adapting this measure for use as a standard 
procedure, various facilities could be provided to improve efficiency, safety, and reduce 
environmental impacts. Specifically providing 600-foot guidewall extensions would allow tows to 
safely remake at the lock site and eliminate the need for tows to regularly back cuts to remake 
areas. In addition, mooring cells could be added to the site to provide moorings for assisting tows 
to tie off their cuts to, as well as two cells for a waiting tow to tie off to when serving as the 
remote remake facility. This results in three potential ways to implement self help: without 
additional facilities, with remote moorings, and with guidewall extensions. 

Descrbtion of Current Procedure. Actual implementation of self help relies on the 
presence of an adequate queue, favorable river conditions, and economic incentives. The 
following paragraphs and Figures 4-6A and B are provided to assist in visualizing the self-help 
procedure. Tows are numbered in the order of arrival with the #l tow being closest to the lock. 
While considerable variability exists between sites, in general, waiting industry towboats remove 
the unpowered cuts from the lock and take them to the checkpost on the guidewall or an area away 
from the guidewall (i.e., a mooring facility or along side the #I tow waiting to go the other 
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direction) for remaking similar to switchboats. For example, a downbound tow will remake along 
the #I upbound tow if another suitable location is not available. Either the #2 or #3 upbound boat 
will pull cuts while the other one holds the other’s barges. The crew of the #l upbound tow should 
assist the downbound tow in remaking its couplings. This procedure and the reverse for upbound 
tows are preferred to maximize time savings. A diagram showing the general operation is shown 
on Figures 4-6A and B. 

However, due to site conditions, not all cuts can easily be taken to reconfigure along the #l 
tow or an adjacent mooring facility. In these instances, the assisting tow pulls the unpowered cut 
to the last pin on the guidewall (many of the southbound vessels on the UMR must operate this 
way). The boat pulling the cuts should then stand by until its crew has helped remake the coupling 
and it has assisted these tows away from the lock. In most instances (even where the #l tow is 
being used for remaking), the last tow of the 3-up or 3-down series should be left along the wall to 
remake its couplings so the #l tow can prepare to approach the lock. The other option is to take 
the last tow of the series down beyond the first tow and remake along the #2 waiting tow or other 
mooring area. The policy established for Locks 20-25, Peoria and La Grange, is provided in 
Appendix B. 

In cases where large numbers of tows (six or more) are waiting to travel in one direction, 
additional measures will be taken in coordination with RIAC. These steps will minimize the 
number of tows reconfiguring in the chamber. Flexibility is a very important part of the current 
practice. The exact implementation needs to be able to account for the type of congestion 
(primarily downbound or upbound tows), river conditions (water level, outdraft, etc.), and factors 
associated with the particular river reach (availability of mooring facilities). In addition, varying 
river conditions at each site affect how the program will be implemented and its level of success. 

Delav Reductions MethodolowITime Savinas Estimates. Self help primarily provides 
assistance in reducing lockage times for double lockage tows. If the barges are moved from the 
lock facility for remaking, the following lockage elements can be reduced: (1) pulling the first cut, 
(2) remaking of double lockages, and (3) reducing chamber filling and emptying times. If the 
towboats assist with lock approaches, like helper boats, they can also reduce delays associated 
with approach times. However, line haul boats are less maneuverable and efficient in providing 
approach assistance and do not typically provide this type of assistance. 

Five sources of data were evaluated to provide information on the potential time savings 
available for implementing switchboats. These sources include timing data from the 1975 Peat, 
Marwick, and Mitchell & Co. report entitled, Evaluation of Operational Improvements at Locks 
and Dam No. 26, Mississippi River; 1995 timing data from Mel Price Lock; 1990 LPMS data; 
responses from the February 4-5, 1997, Expert Elicitation meeting with navigation industry; and 
interviews, site visits, and panel discussions with lockmasters and navigation industry. This 
section reports the results of these efforts and summarizes the average time savings for UMR 
Locks 1 l-25 and IWW locks from Lockport to La Grange. 

Pullina First Cut of Double Lockaaes. As part of self help, industry tows pull cuts from 
the lock chamber. They typically are able to extract cuts somewhat faster than the existing tow 
haulage and take the unpowered cut along the guidewall or remove the unpowered cut to a remote 
site. However, initial site visits and discussions with lockmasters revealed that due to the larger 
lines and reduced maneuverability of line haul boats, smaller time savings are anticipated from 
using line haul boats in comparison to switchboats. 

As a result of limited data, the advice of experts was used to obtain information on the time 
savings potential of using industry boats under the self-help policy to pull cuts. The expert 
elicitation process provided an expected time savings of 3 minutes on upbound and 4 minutes on 
downbound lockages with a range of 1 to 6 minutes and 0 to 7 minutes, respectively. 
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Complete Approach 
0:22 

Waiting tow, moored to two cells, 
provides surface for remake area. 

Complete Entry 
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Remove 1st Cut 
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Faster removal than existing cable-winch system - saves 
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Total Lockage Time: I:28 (at lock) 2:Ol (remade tow exits remake area) 

Savings approx. 15-20 min at lock, while individual tow requires additional 5 min. 

Note: Approx. lockage time in hour:minutes. Diagram shows an exchange approach followed by a 
turnback lockaae. 

FIGURE 4-6B: Double Lockage Elements - Industry Self Help with Mooring Cells 
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As with the switchboat analysis, the study team used data from the LPMS to estimate the time 
savings of using an industry boat to extract the unpowered cut of a double lockage at each site. 
This was done by comparing the existing time at UMR Locks 11-25 to extract the unpowered cut 
of double lockages with the existing tow haulage, 14 minutes upbound and 17 minutes 
downbound, and the exit time of a powered single cut, 5 to 6 minutes for upbound and 
downbound, respectively. As part of the elicitation, a former tow captain stated that using a line 
haul boat would require 6 to 8 minutes longer than a single exit. Further group discussion at the 
elicitation meeting lead to a general consensus that 6 minutes would provide a relatively accurate 
adjustment factor. Later discussions with UMR lockmasters lead to the recommendation that a 
factor of 8 minutes should be used instead. However, IWW lockmasters felt that the 6-minute 
factor was adequate due to better site conditions and increased numbers of smaller, more 
maneuverable tows. This longer coupling contrasts with a helper boat or switchboat that can make 
their couplings in approximately 2 minutes. The key differences are the size and number of the 
lines and reduced maneuverability of the larger boats. As a result, an additional 8 minutes for 
UMR locks and 6 minutes for IWW locks was included to allow for the boat to make its coupling. 
The distributional characteristics of the single lockage data are assumed to hold for the self-help 
extractions. 

Time Savings = Existing Extraction - (Exit of + 6 or 8 min. to make) 
with Tow Haulage Single couplings 

The result was an estimated time savings of 1 and 3 minutes for upbound and downbound, 
respectively. These results are in general agreement with the overall estimate provided by the 
elicitation process and lockmaster panel. Similar time savings are expected for the IWW locks of 
1 to 2 minutes. With the longer recoupling time, there is an increased likelihood that on occasion 
the extraction may actually take longer than using the existing tow haulage. The estimated time 
savings vary from site to site and have been included in Table 4- 11. 

Remakina of Double Lockase Tows. As discussed in the Helper Boat and Switchboat 
sections, pulling unpowered cuts far enough from the chamber that the powered cut can exit the 
lock for remaking and free the lock to service the next tow produces significant time savings. Line 
haul boats, like switchboats, can pull cuts to remote moorings. However, due to safety concerns 
with backing upstream, self help could be used to pull cuts along an extended upstream guidewall. 
If this approach is taken, it reduces the time savings to just tumback lockages where the next tow 
is moving in the same direction. Downbound tows would be remade along a waiting tow clear of 
the approach path. This allows both exchange and tumback lockages to benefit since remake 
occurs clear of the lock chamber, guidewall, and approach path. 

The Improved Tow Haulage Equipment report prepared by Sverdrup as part of the UMR- 
IWW System Navigation study estimated remake time savings at approximately 15 minutes for 
lower UMR locks (Locks 20-25) and 19 minutes at La Grange Lock on the IWW. In estimating 
these time savings, Sverdrup used OMNI data (similar to LPMS data, but with an additional time 
element) from all double lockages occurring in 1992 at these sites. The time for the exit of the 
second cut until the remade tow removed its headline and begins leaving the lock was analyzed. 
In order to isolate the remake time, 2 minutes was subtracted from the total time to account for the 
tow facing up to the cut (a movement of approximately 50 feet). The values are also similar to 
those provided by Louis Berger & Associates (198 1) who estimated 13.5 minutes for recoupling. 
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The LPMS data were again analyzed using the same procedure as in the Helper Boat and 
Switchboat sections to estimate the potential time savings of moving remakes out of the chamber. 
In order to estimate the time savings, the actual exit times of the second cut of double lockages 
were used and compared with the exit times of singles. Once again, data from tumback lockages 
were used. Using the formula shown below and average 1990 LPMS data for Locks 1 l-25, time 
savings of 15 minutes for upbounds and 18 minutes for downbound tows were calculated. Time 
savings for the IWW were calculated to be approximately 19 minutes upbound and 20 minutes 
downbound. 

Time Savings = Existing Exit time of 2nd - Exit of Single 
Cut (including remake) 

At the expert elicitation, the panelists agreed with the assumption that the exit of a 
single can be used to approximate the exit of a powered cut if the first cut has been taken to 
a remote remake area or the end of an extended guidewall. Otherwise, if the cut were only 
pulled along a shorter guidewall, the second cut must exit slower and meet up with the 
unpowered cut just beyond the gates, and a factor of 1.5 times the exit of a single is used. 
This results in the time savings for UMR locks dropping to 13 and 15 minutes, 
respectively, for upbound and downbound tows. 

Reducino Chamber EmPtvina Times on Downbound Cuts. Typically, the rate of 
emptying the chamber is reduced when an unpowered cut is waiting in the downstream approach 
for the powered cut to be locked through. The concern over creating turbulent water and possibly 
snapping lines is eliminated if the unpowered cut is removed and taken to a mooring facility for 
remaking or sufficiently far down an extended guidewall. The 1975 Lock 26 study reported 
savings of 4 minutes. However, the actual savings varies based on differences in water level 
elevation between pools. The smaller elevations at most UMR locks would result in a potential 
time savings of just 0 to 2 minutes. Some of the upper IWW locks have greater elevation 
differences and have time savings in the range of 1 to 7 minutes. Time savings estimates for each 
lock were calculated as described in the “Switchboat” section and are shown in Table 4- 11. 

Total Time Savinqs. Tables 4-12A and B provide a general indication of the level of time 
savings associated with the use of industry self help at UMR locks. The IWW sites would have 
similar time savings. The primary difference between the use of industry line haul boats and 
switchboats is that generally line haul boats do not provide approach assistance and their larger 
lines reduce the savings associated with pulling the first cut. However, in total, it appears possible 
to reduce double lockage times by approximately 15 to 20 minutes. The actual time savings for a 
queue depends on the scheduling approach, number of tows requiring double lockages, where the 
tows remake, and the number and experience of the assisting boats. 

While tows in queue can benefit from the entire time savings, the actual tow locking through 
may actually spend more time in the lockage process. This is similar to the times associated with 
using switchboats and remote remake discussed previously. The additional time required to 
approach a remote mooring is an additional time requirement, reducing any time savings gained 
by the faster extraction. Remake times from the perspective of the locking tow remain virtually 
the same regardless of the location. 
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TABLE 4-IZA: ESTIMATED SAVINGS OF INDUSTRY 
SELF HELP WITH REMOTE MOORINGS AT UMR LOCKS 11-25 

Double Lockages Benefits Double Lockages Benefits 
Delay Reduction to Tows Waiting in Queue to the Locking Tow 

Pulling the Unpowered Cut 1 min. upbound 1 min. upbound 
3 min. downbound 3 min. downbound 

Remaking the Tow (applies to both 15 min. upbound Tow still remakes, location is 
turnback and exchange lockages) 18 min. downbound moved 
Reduced Chambering Time O-2 min. downbound O-2 min. downbound 
Additional Time Required to Approach NA* Delay 5 min. upbound 
and Align with Cut at Remote Site 
Total Time Savinas Potential 16 min. upbound -4 min. upbound 

1 21 min. dbwnbound 1 -2 min. downbound 
* The additional time to approach and align at the remote site does not impact other waiting tows. 

The time savings numbers shown in the above table apply to the use of industry self help with 
remote remake and are applicable to exchange and turnback lockage types. The following table 
looks at the savings potential of industry self help in combination with guidewall extensions. The 
key differences with a guidewall extension are that the benefits only apply to tumback lockages 
and there is no additional time required for the actual tow to complete its lockage, such as 
approaching an additional mooring. 

TABLE 4-128: ESTIMATED SAVINGS OF INDUSTRY 
SELF HELP WITH GUIDEWALL EXTENSIONS AT UMR LOCKS 11-25 

Double Lockages Benefits Double Lockages Benefits 
Delay Reduction to Tows Waiting in Queue to the Locking Tow 

Pulling the Unpowered Cut 1 min. upbound 1 min. upbound 
3 min. downbound 3 min. downbound 

Remaking the Tow (with extended 15 min. upbound Tow still remakes, just location 
guidewalls - turnback lockages only) 18 min. downbound is moved out of chamber 
Reduced Chambering Time O-2 min. downbound O-2 min. downbound 
Total Time Savings Potential* 16 min. upbound * 1 min. upbound 

21 min. downbound * 3 min. downbound 
* Time savings would be virtually the same if tows were pulled to the last pin on the existing guidewall. However, the 
remake/exit of the second cut would take an additional 2 to 3 minutes, reducing the time savings and benefiting a 
smaller portion of tows. 

The numbers shown in the preceding table apply to the use of industry boats with 1,200-foot 
guidewalls. In cases where the cut is pulled to the last pin on the existing 600-foot guidewall, the 
benefits are reduced. In these instances, the time savings are reduced due to the fact that the 
second cut will exit more slowly, reducing the savings identified by 2 to 3 minutes. In addition, 
the existing guidewall does not have adequate length to allow the largest tows on the system, most 
5,000 and 6,000-horsepower boats, to remake without blocking the chamber. 

Self help, especially without the addition of facilities, may not be implementable under some 
conditions. The benefits shown would likely be unattainable for upbound tows during outdraft 
conditions. In addition, benefits would not accrue when smaller queues are present and during 
periods of lower economic incentive. There may also be unacceptable environmental impacts 
associated with routine use of remote remake if facilities are not provided. As a result, provision 
of mooring cells may be required as a way to avoid or minimize impacts. 

Conditions Affectina Implementation. Two of the key elements to implementing an industry 
self-help policy are cooperation of the various industry groups and an adequate queue of roughly 
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10 or more tows (often do not implement until lock is operating 6-up/6-down). The potential for 
this coordination has been established by RIAC; however, additional discussions regarding each 
site on the system would likely be required to develop an agreeable policy for each site. There is 
also a need to address the willingness of various tow companies to handle each other’s tows on a 
more regular and routine basis in contrast with existing practice which is typically associated with 
higher traffic levels or unusual events such as emergency closures, accidents, and ice conditions. 

Some of the benefits may be somewhat more variable than under a switchboat or helper boat 
option. Industry self help relies on participation, coordination, and the presence of an adequate 
queue. The use of industry self help is limited to situations where an adequate queue is waiting at 
the lock site. Unlike a helper boat or switchboat option, self help can only be implemented where 
a large enough queue is present to allow a tow to assist others without causing additional delays by 
not being ready to lock when it has its turn. This reduces the ability to use self help in situations 
with moderate delay (e.g., three or six waiting tows). 

The willingness of industry to participate in the long term is also based on the potential for 
increased risks, which could lead to higher rates of accidents and increased insurance rates. If 
higher accident rates are experienced resulting in higher costs, the use of these types of operations 
and facility requirements would be re-evaluated. The additional use of equipment and lines could 
also affect maintenance costs and equipment life. 

There is also a need to determine whether formal mooring areas are required at each site. 
These could include multiple moorings at each site. For example, a mooring cell could be added 
some distance from the lock to hold the assisting tow’s barges while it pulls cuts. Closer to the 
lock, mooring cells or bank anchors would be provided for waiting tows, allowing them to safely 
tie off while serving as remote moorings. These cells, or moorings, would generally be in the 
same locations identified for remote moorings under the “Switchboat” option (see plates in 
Appendix C). If suitable waiting areas and moorings are not identified, the tows may be required 
to remake along the existing or an extended guidewall, reducing benefits to just tumback doubles. 

The overall level of effectiveness also varies based on the assisting captain, crew, and power 
and maneuverability of assisting towboats. The crew of a line haul boat would likely not know 
particular site conditions as well as a switchboat or helper boat crew assigned to one lock. The 
crew of designated assist tows (helper boats or switchboats) would also become highly efficient 
through repetition and specialization at one lock site in pulling and backing cuts to the designated 
remake areas. As with the switchboat measure, the use of remote remake areas provides the 
potential for increased likelihood and severity of private and government property damage if 
accidents occur. 

In contrast, with the other towboat power option, it is more difficult to determine the cost Costs. 
of using industry self help. The actual cost of industry self help is limited to the additional fuel 
and risk and any added variable costs (wear and damage on its equipment). However, in 
identifying costs, only the cost of additional fuel was quantifiable given available data. Some 
expense related to increased insurance rates and increased wear on equipment would be expected, 
but the magnitude is unknown. 

Table 4- 13 summarizes the total daily operating cost for various towboat sizes. However, the 
full cost of operating a tow overstates the true cost of using line haul boats waiting in a queue, 
since all fixed costs would need to be paid regardless of whether the tow is assisting in pulling cuts 
or simply waiting a turn. The actual cost of implementing self help is most directly related to any 
additional fuel use, risk, and wear associated with the usage of the tow and equipment. However, 
the average cost of fuel may overstate the cost, since tows waiting for the lock often at least idle 
their engines and use some fuel. In order to account for the fact that waiting tows often idle their 
engines and not all lockages would require assistance, a lower cost of $50/hour or 
$324,00O/year/boat was used. This figure was based on the average fuel use for the UMRS from 
Corps guidance. The yearly cost of $324,000 would cover fuel expense for 1 tow, 24 hours a day, 
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during the 270-day navigation season. It is anticipated that this overstates the need for assistance, 
especially in the early years of the analysis period. 

TABLE 4-13: DAILY COSTS TO OPERATE A LINE HAUL BOAT 

cost 
Capital Costs (cost recovery - 7.75% over 20 yrs) 
Operating Costs 
. Crew - 8-l 0 
. Boat Costs (maintenance, supplies, insurance, 

2800-3400 hp 4000-4400 hp 5000-6000 hp 
$910 $1,235 $1,615 

1,650 1,930 2,215 
830 965 1,110 

taxes) 
. Administration 
. Fuel Cost (average power) 
Total Daily Costs 
Total Hourly Costs (daily costs/24 hrs) 
Variable Hourly Costs (avg. fuel cost per hour) 

310 360 415 
1,465 1,720 1,985 

$5,165 $6,210 $7,340 
$215 $259 $305 

$61 $72 $83 

Note: Fuel cost is $1,000 - $2,500 higher per day if under high power most of the time. 
Source: FY97 Planning Guidance, Shallow Draft Vessel Costs. 

There also are significant costs associated with additional mooring cells or remote remake 
areas, if they are implemented at a particular site. The cost for a cell is estimated at $500,000, 
with an additional estimated annual cost of $20,000. At most sites, it is anticipated that three cells 
would be required both above and below the lock. These cells would provide two cells as a 
mooring area for the tow, serving as a remake area, and one cell as a tie-off for the assisting tow’s 
barges. For more information on cells, see the Adjacent Mooring Facilities section. Information 
on the cost of spud barges and mooring cells for use as remote remake areas was included in the 
Switchboat section. 

The 600-foot upstream guidewall extension concept and costs would be the same as those 
discussed under the Switchboat with Guidewall Extension Alternative, resulting in a first cost of 
$3.2 million per wall for a cell and DeLong Pier wall versus $23,450,000 upstream and 
$12,870,000 downstream for permanent guidewall extensions using cellular sheet pile 
construction. IWW sites would again have high impact to navigation costs of roughly $60 to $80 
million per wall. 

Relationship to Other Measures. The use of industry self help adds additional savings when 
combined with most measures. In particular, mooring facilities or extended guidewalls for 
remaking cuts along greatly improves the efficiency of using self help to extract cuts and would be 
required at most sites to fully implement the measure. Scheduling both commercial and 
recreational vessels can also assist in maximizing the benefits of self help. However, the 
flexibility currently used in implementing N-up/N-down as part of the self-help policy diminishes 
the potential for future benefits associated with better scheduling. 

The implementation of a self-help policy typically provides similar benefits as helper boats, 
switchboats, and improved tow haulage equipment. While these measures are not mutually 
exclusive, self help can provide a significant portion of the benefits at a lower incremental cost to 
industry. If the towboats remove the unpowered cuts to mooring facilities away from the locks for 
remaking, then the benefits of crew elements are reduced since the recoupling would be done away 
from the lock while other tows are using the lock facility. 
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Conclusion. Self help provides industry an option to obtain a portion of the towboat power 
assistance benefits at little additional out-of-pocket expense. As a result of expected performance 
improvements (time savings), which are near the level of helper boats and switchboats, and lower 
incremental cost, this measure is recommended to be carried forward for more in-depth 
consideration. 

Toils and Reports 

The toll collecting and reporting measures are forms of demand management that seek to reduce 
delays through creating incentives to reduce overall lockage times and shift demand away from 
congested locks. These measures are being explored based on their current use and consideration 
as demand management measures for congested freeways, commercial airlines, and various 
utilities. Federal law currently prohibits the charging of tolls for watercraft passing through locks 
(33 U.S.C. 5). If a fee measure is ultimately selected for implementation, the recommendation to 
change the current Federal law would go forward with the final feasibility report. The issue of 
how the money collected would be used does not affect the study analysis. However, it is assumed 
that it would be designated for use in defraying navigation-related costs of the UMR-IWW System 
(navigation improvements, operation and maintenance, etc.) or placed in the Inland Waterways 
Trust Fund. 

This section addresses four measures: congestion tolls, excess lockage time charges, lockage 
time charges, and publish lockage times. Of these measures, congestion tolls would have the 
greatest direct cost to industry. In contrast to the other measures in this section, which primarily 
focus on creating incentives for vessels to lock faster, congestion tolls are mainly directed at 
addressing overall demand for the locks. While primarily intended for commercial lockages, tolls 
and lockage charges could also be collected from recreational users. 

. Congestion Tolls 

Description of Measure. Tolls would be collected from tows and possibly recreational craft using 
congested locks. The use of congestion tolls in the form of peak-load pricing has been applied to 
the use of utilities such as phone service and energy. Increasingly, congestion tolls are being 
considered in transportation management for interstates and highways. While congestion tolls 
typically are charged during a particular peak period of demand, analysis has demonstrated that 
there is little regular variability in commercial waterway traffic except as influenced by seasonal 
weather. As a result, it would appear that a more effective use of the congestion toll is to charge a 
fee at all locks experiencing a significant delay or a licensing fee to operate on the system. 

Applying congestion tolls does not expand or improve the ability to lock tows. Instead, they 
provide an incentive to avoid congestion and a mechanism to ration the lock’s ability to process 
tows. However, the issue of how tolls would affect the demand for lockages, the behavior of the 
barge operators, and the potential creation of an incentive to change tow configurations need to be 
evaluated. Congestion tolls as a form of a user charge also raise issues surrounding the efficiency 
and equity character of the charges. 

The tolls would be developed to shift some potential traffic away from congested locks to 
alternate modes or other parts of the inland waterway system. One option would be to set the toll 
at a level that internalizes the cost of delay the tow is causing to other tows in the queue. The 
amount of the toll collected would vary, with higher tolls for slow lockages at the most congested 
locks and lower tolls for fast lockages at locks with lower levels of traffic. Uncongested locks 
would not require a toll. This would create a mechanism to internalize the delay cost that tows 
using the locks place on other tows. Other options include basing the tolls for the system in part 
on the modal rate studies being conducted as part of the navigation study. The tolls could be set at 
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a level that would influence the modal choices and overall system traffic. A final and simpler 
approach administratively would be to charge a licensing fee to operate on the system. Only tows 
willing to pay for the license could operate on the system and if necessary the number of licenses 
could be limited. 

Delav Reductions MethodoloavlTime Savinas Estimates. The collection of a congestion toll 
would be targeted at reducing the overall traffic at congested locks. This measure, when properly 
implemented, can provide significant delay reductions by reducing traffic on the system and 
shifting marginal traffic movements to other modes or areas. 

In order to appropriately set the level of tolls and adequately evaluate the impacts, a system 
evaluation is needed. This measure should be carried forward for analysis using the systems 
models being developed to analyze the UMR-IWW System as part of this study. 

Conditions Affectina Implementation. A number of factors are likely to influence the ultimate 
implementation of this measure. One key concern is the response of the navigation industry that 
has historically opposed congestion tolls and other fee options. Depending on how the tolls are 
structured, users may not know if congestion tolls will be in effect until radioing or reaching the 
lock. In this instance, additional information on real-time traffic flow may be needed to assist 
industry in avoiding peak periods of delay. If tolls were extended to recreational users, the 
response of these users could also be very strong. 

In addition, rationing systems traffic could result in negative regional economic impacts and 
changes in water compelled rate impacts on other modes. The tolls also have the potential to 
negatively impact the profitability of various towboat companies. Depending on how and when 
the tolls are collected, they have the potential to impact traffic levels even during noncongested 
periods, lowering system utilization below optimal levels. 

A low-cost and unburdensome method of toll collection would need to be developed, both 
from staffing and budget perspectives. One potential for billing would be an adaptation of the 
existing LPMS database. As lockage data are collected, the program could be developed to record 
the company name and lockage time for consolidation and billing on a periodic basis. 

Cost. The primary costs associated with this measure include developing a congestion toll 
structure, setting the level of the tolls, and toll collection. This measure would produce revenue in 
excess of costs. Tolls on recreational craft would need to be set at a lower level, but would still be 
higher at those locks with the greatest delay and lower at locks with less traffic and delay. A 
potential major cost to the nation and region is reduced transportation options and resultant 
increased shipping costs on remaining modes. A second cost would result from negative impacts 
to recreation, a significant economic activity in the study region. 

The costs, shown in Tables 4-14 and 4-15, cover the entire system and not just a single lock site 
and include: 

1. Determine sites needing tolls and develop a fee structure (Corps/Contractor Study, Public 
Meetings, and Coordination). The toll structure should be developed to shift demand without 
causing undue hardship to carriers that must use the system. Factors to include in setting the 
rate include: charging on a per lockage, per time, per barge, per tow, per ton basis, or per 
season, and whether or not and how to include recreational craft. 
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TABLE 4-14: FIRST COST TO DEVELOP A CONGESTION TOLL SYSTEM 

Item 
Economic Study to Determine Need, Locations, Toll Level, 
Coord. 
Cost to Establish Bookkeeping and Billing System 
Contingency 25% 
Total 

Cost 
$295,000 

76,500 
93,500 

$465,000 

The cost of the economic study was based on approximately 6 months of study effort, extensive 
coordination, two newsletters, and a round of public meetings. The cost to establish the 
bookkeeping and billing system is based on developing a database, mailing list, system for data 
sharing between districts, and notice to navigation industry. 

2. Develop and implement a collection mechanism for the system (allows for staff time to collect 
and analyze data, prepare billings, and assist in collection). 

TABLE 4-15: ANNUAL COST TO IMPLEMENT 
A CONGESTION TOLL SYSTEM 

Item 
Collection and Summary of Data 
Billing and Collection 
Contingency 25% 
Total 

Cost 
$ 68,000 

120,000 
47,000 

$235,000 

Relationship to Other Measures. Other time-reduction measures could be implemented along 
with congestion tolls. However, congestion tolls, focused on eliminating significant delays by 
reducing traffic at the most congested lock sites, could potentially reduce traffic to low enough 
levels to eliminate the need for other measures. Due to the complexity of a multiple fee structure 
and the goals of congestion tolls, it should not be combined with other fee collection measures. 

Conclusion. Additional analysis to determine the feasibility of congestion tolls requires using the 
UMR-IWW System Navigation Study systems models to determine the actual ability to address 
congestion and whether there are sites and periods of congestion that tolls could address. 

n Excess Lockage Time Charges 

Description of Measure. This measure seeks to charge users who have an “excessive” lockage 
time at a particular lock. The fee creates an incentive specifically designed to modify the 
operations and behavior of the companies and crews with the slowest lockage times. In order to 
implement the measure, what constitutes an excess lockage time would be determined for each 
lock, and users who exceed that time would be assessed a fee. The level of the exceedance that 
triggers the charge would be based on a statistical analysis of the distribution of historic lockage 
times at a particular site. While the specifics of the measure would be determined at a later date in 
coordination with the navigation industry, the times would be determined on a site-specific basis 
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for normal conditions. Extremes in weather, river, and lock conditions would need to be taken 
into account. 

While this measure involves the collection of a fee, it varies considerably from a congestion 
toll. In this case, the fee is set at a much lower level so that the incentive is to improve lockage 
efficiency rather than to limit use of the system. In addition, the charge is only applied to the tows 
with the longest lockage times rather than all of the tows in a queue. However, the charging of 
fees does have the potential to shift some marginal traffic movements off the system. 

Delav Reductions MethodolocWTime Savinas Estimates. The collection of a fee for excessive 
lockage times creates an economic incentive for especially the slowest crews and companies to 
improve their practices to avoid the time charge. This could result in significant time savings for 
other tows at congested locks, since a slow tow in a queue can result in considerable delay to all 
the other waiting tows. It may also create further incentives for industry to pursue time savings 
measures such as increased use of approach assistance, additional crew training, development of 
better couplers, or other equipment improvements to reduce lockage times and avoid charges. 
However, there are many uncertainties in estimating the efficiency of this measure. 

Conditions Affectina ImDlementation. As with congestion tolls, the response of the navigation 
industry is of primary interest. One of the main concerns with this measure is the potential to 
create incentives to reduce safety practices in an effort to lock faster and avoid charges. As a 
result, accidents involving damage to tows and the lock structure may increase. 

This type of measure could present equity concerns among those locking. By design, the 
charges only apply to a portion of the total traffic using a lock in an attempt to create an incentive 
for tows to beat a time schedule. This leads to some inequity around the point where the fee is 
implemented. Tows locking just a few minutes faster may not pay any fee, while other tows 
taking just a little longer would pay the time charge. However, both tows in this example would 
nearly equally delay the entire queue. The charges may also disproportionately impact small 
operators and others less able to update equipment and provide additional personnel. 

It would be very difficult to arrive at acceptable criteria to define “excess” by site and by 
lockage type that would be agreeable to the Corps, navigation industry, and recreational users. 
This is due to the problems associated with attempting to take into account variable site, weather, 
and river conditions. In addition, a suitable method of collection would need to be developed. 

The costs of implementing this measure would be very similar to those of developing a Costs. 
congestion toll. These costs would again cover the whole system and would include: 

1. Determine average time at particular locks by type and determine the level where fees should 
be leveed, develop a fee structure, and coordinate with public and navigation industry. 

TABLE 4-16: FIRST COST TO DEVELOP EXCESS LOCKAGE TIME CHARGES 

Item cost 
Economic Studv to Determine Need, Locations. $295.000 
Toll Level, Cooid. 
Cost to Establish Bookkeeping and Billing System 
Contingency 25% 
Total 

76,500 
93,500 

$465,000 
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The cost of the economic study was based on approximately 6 months of study effort, extensive 
coordination, two newsletters, and a round of public meetings. The cost to establish the 
bookkeeping and billing system is based on developing a database, mailing list, system for data 
sharing between districts, and notice to navigation industry. 

2. Develop and implement collection mechanism for the system (allows for staff time to collect 
and analyze data, prepare billings, and assist in collection). 

I TABLE 4-17: ANNUAL COST TO IMPLEMENT 
EXCESS LOCKAGE TIME CHARGES I 

While this measure could again provide revenues in excess of costs, it is less likely to since the 
charges would be set at a much lower level and would not apply to all lockages. This measure 
would likely not be extended to recreational craft. 

Relationship to Other Measures. The collection of excessive lockage time charges would 
provide complementary benefits in combination with other small scale measures. Since the 
relative lockage time of the particular crew determines if a fee is collected, the incentive to 
eliminate slow lockages would remain even if other measures are in effect and average lockage 
times are reduced. However, it is recommended that the measure not be implemented with other 
fee collection measures due to the complexity of tracking and collecting multiple fees. 

Conclusion. Defining an “excess lockage time” presents some problems based on variability in 
conditions over time. Additional analysis is required to determine the actual ability to address 
delays and determine whether there are sites and significant numbers of lockages that could be 
improved through the use of excess lockage time charges. 

. Lockage Time Charges 

Descrbtion of Measure. This measure seeks to charge all vessels based on the length of time the 
lock is in use. By charging the tow on a per-unit time basis, all vessels will be charged. As a 
result, all tows, not just the slowest, will have an incentive to improve their locking efficiency in 
order to reduce the charge they receive. However, these charges would only apply to the lockage 
elements where the vessel and its staff can affect the time. This would eliminate such times as 
gate opening and closing and chamber filling and emptying which are operations performed by the 
lock staff. 

As with the excessive lockage time charge measure, this measure varies from a congestion 
toll. The fee, set at a lower level, provides an incentive to improve lockage efficiency rather than 
to limit use of the system. However, collecting a fee does have the potential to eliminate some 
traffic, especially with this measure since all tows will be charged a fee. The total amount of the 
fee would be directly related to the lockage time, encouraging operators to reduce their lockage 
times as much as possible. 
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Delav Reductions MethodolonvlTime Savinns Estimates. The collection of a fee based on 
lockage times creates an economic incentive for all operators, especially for the slowest crews and 
companies, to improve their practices to reduce their charge. This could result in substantial time 
savings, since all tows in a queue would have an incentive to improve their times. It would also 
create an additional incentive for industry to use helper boats or switchboats if available and to 
pursue time saving measures such as additional crew training, development of better couplers, or 
other equipment improvements to reduce lockage times and avoid charges. 

However, determining the actual delay reduction would be based on assumptions of 
industry’s response to the incentive. It also assumes that additional cost-effective time savings are 
available to industry, beyond what they currently have an incentive to implement. 

Conditions Affecting Implementation. As with the earlier toll measures, the response of the 
navigation industry is of primary interest. Time charges again have the potential to create 
incentives to reduce safety in an effort to lock faster and avoid charges. However, this may result 
in increased damage to the tows and lock structures. This may be especially true of this measure 
since the longer the lockage takes the greater the charge. 

There would also likely be some difficulty in arriving at charges acceptable to the Corps of 
Engineers, navigation industry, and recreational users. A way of taking into account variable 
weather and river conditions should be included. In addition, a suitable method of collection must 
be developed. 

The costs of implementing this measure would be very similar to those of developing a Costs. 
congestion toll or excess lockage time charge. These costs would again cover the entire system 
and would include: 

1. Determine average time at particular locks by type and determine the level where fees should 
be leveed, develop a fee structure, and coordinate with public and navigation industry. 

I TABLE 4-18: FIRST COST TO DEVELOP LOCKAGE TIME CHARGES 

Item 
Economic Study to Determine Need, Locations, 
Toll Level, Coord. 
Cost to Establish Bookkeeping and Billing System 
Contingency 25% 
Total 

cost 
$295,000 

76,500 
93,500 

$465,000 

The cost of the economic study was based on approximately 6 months of study effort, extensive 
coordination, two newsletters, and a round of public meetings. The cost to establish the 
bookkeeping and billing system is based on developing a database, mailing list, system for data 
sharing between districts, and notice to navigation industry. 

2. Develop and implement collection mechanism for the system (allows for staff time to collect 
and analyze data, prepare billings, and assist in collection). 
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I TABLE 4-19: ANNUAL COST TO IMPLEMENT 
EXCESS LOCKAGE TIME CHARGES 

I 
Item 

Collection and Summary of Data 
Billing and Collection 
Contingency 25% 
Total 

cost 
$ 68,000 

120,000 
$47,000 

$235,000 

This measure would again likely raise more than enough revenue to cover the costs. However, the 
fees and overall surplus would be considerably lower than for congestion tolls. This measure 
would likely need some modification before being applied to recreational craft. 

Relationshb to Other Measures. The collection of lockage time charges would provide benefits 
in combination with other time reduction measures. However, as the average lockage time is 
reduced due to the implementation of delay reduction measures, the economic incentives to 
improve locking efficiency associated with lockage time charges would be reduced. This measure 
should not be implemented with other fee collection structures due to the complexity of tracking 
and collecting multiple fees. 

Conclusion. As with the other fee measures, additional analysis is required using the UMR-IWW 
System Navigation Study system models to determine the actual ability to address delay and 
whether there are sites and periods of congestion where lockage time charges could reduce overall 
delays. Some further analysis on the impacts on NED and RED may also be needed. 

n Publish Lockage Times 

Descriotion of Measure. This measure seeks to identify those towboats and towboat companies 
whose crews have the fastest and slowest lockage times. Although this measure does not involve a 
direct economic incentive or charge to reduce time, it informs the particular companies and the 
entire industry of the performance of particular tows. Since it is in the best interest of all parties to 
reduce lockage times, this measure should assist companies and the industry in identifying which 
tows perform the best and which tows may need additional equipment, training, or crew members. 

The lockage times for a particular tow, currently collected as part of the LPMS, would simply 
need to be formatted and published on the Corps of Engineers’ Internet home page and in river 
industry periodicals (e.g., the Waterways Journal, River Transportation News, or others). In order 
to reduce the amount of reporting, just those tows locking fastest and slowest could be included as 
positive and negative incentives, respectively. 

The publishing of information on performance has been carried out by the airline industry, 
city and county governments attempting to collect property taxes, and even agencies attempting to 
collect child support. In many cases, these efforts have been successful in raising the awareness of 
both the involved parties and the public and in bringing about improvement. 

Delav Reductions MethodoloWTime Savinas Estimates. The publishing of lockage times 
highlights performance and creates a peer incentive for crews and companies to improve their 
practices in order to be listed as the best performers or to avoid being identified by the industry, 
their customers, and others as contributing significantly to delays. This could result in 
improvements in the lockage times of some companies. It may also create further incentives for 
industry to pursue additional time savings measures. 
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Since significant economic incentives already exist to maximize efficiency (the high 
operating costs of having a tow on the system), it is assumed that the primary time reductions 
would come from the limited number of tows that have significantly longer lockage times due to 
insufficient crew members, inadequate crew experience and training, and equipment issues. 

The Corps of Engineers currently meets regularly with industry groups and shares 
information on companies or tows that create significant delays. A considerable amount of 
industry peer pressure also exists to reduce delays, and often just sharing information with the 
navigation industry can substantially improve performance. 

Due to the unknown response of industry to the incentives created by this measure, its 
benefits are not quantifiable. 

Conditions Affectina Imr>lementation. The major condition affecting implementation is to 
determine how to get the information out and under review by the navigation industry. In 
addition, the response of industry to this information is difficult to accurately predict. 

Since the data are currently collected and only need formatting and publishing, the cost of Costs. 
implementing this measure would be relatively low. The actual cost would be based on the format 
in which the data are published, frequency of publishing, and whether a publication would include 
the information at no charge. The cost of compiling, sorting, formatting, and publishing the data is 
estimated at $65,000 per year for the system. 

Relationship to Other Measures. The publishing of lockage times can be used in combination 
with all other small scale measures, including the fee collection measures, since the peer incentive 
would exist whether or not other measures are implemented. However, if other measures 
significantly reduce delays, the pressure on slower tows to improve their performance could be 
substantially reduced. 

Conclusion. Despite the relatively low cost of the measure, it is not likely to significantly 
decrease system delays. In addition, on-going communication with industry addresses many of 
these issues. 

Recreational Vessels 

Two separate measures regarding potential conflicts with recreational vessels at locks are being 
considered for application to address delays at locks. Increasing recreational and commercial 
usage of the UMR-IWW places commercial and recreational craft in competition for use of the 
locks at certain times. This section addresses the scheduling of recreational vessel usage and 
construction of recreational craft landings above and below the locks as ways to reduce these 
conflicts. 

In addition to this analysis, recreational craft impacts are also under consideration as part of 
the system environmental studies. While only preliminary results are available, the recreational 
traffic projections show overall increases in recreational usage of the pools of approximately 15 to 
25 percent. The greatest potential for increases occurs near major urban areas (e.g., St. Paul, 
St. Louis, Chicago, Peoria, and the Quad Cities). Many of these areas are the best suited for 
recreational traffic due to the presence of auxiliary locks, wicket dams, or lower commercial 
traffic levels. However, the impacts of increased recreational usage are likely to be felt throughout 
the system. 
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. Scheduling of Recreational Vessel Usage 

Description of Measure. This measure would involve limiting recreational craft lockages to 
certain times of the day in order to minimize locking conflicts with commercial traffic. For 
example, recreational craft lockages would be offered at a set number of times during the day 
(e.g., morning, noon, evening). The purpose of scheduling is to maximize the use of the lock 
chamber for recreational craft lockages (number of recreational craft per lockage) while reducing 
or eliminating recreational lockages at other times. Although scheduling would reduce the 
flexibility of providing lockages whenever recreational craft are present, it would provide 
increased predictability as to when recreational craft would be able to utilize the lock chamber. It 
could also reduce safety hazards by minimizing the times when both commercial and recreational 
crafts are approaching a lock at the same time. 

As discussed in the Background section of this report, recreational vessels have the lowest 
lockage priority of boats operating on the system. However, current navigation regulations, 
33 CFR 207.300, state that the lockage of recreational crafts shall be expedited by locking them 
through with commercial craft, provided both parties agree. If the lockage of recreational craft(s) 
can not be accomplished within the time required for three other lockages, a separate lockage of 
recreational craft(s) shall be made. This regulation would need to be changed to allow a 
scheduling option to be implemented. 

There are several different ways that scheduling could be implemented. It could be done on a 
voluntary basis where recreational craft would still lock at other times, or through industry 
scheduling with no allowance for recreational lockages outside of the designated times. In 
addition, scheduling can be implemented every day or just on weekends. 

Delav Reductions MethodoloaHTime Savings Estimates. In determining how a scheduling 
program would be established and identifying the likely time savings, the study team was able to 
draw upon information collected during testing of this method at various locks on the UMRS. 
Additional sources of information included recreation studies and LPMS data. Recreational craft 
scheduling could be used as a way to eliminate the need to continually provide recreational craft 
lockages when commercial delays exist. However, this measure may result in increased delays to 
tows if they must wait until after scheduled recreational craft lockage times to use the locks even if 
no recreational crafts are present. 

Backaround. In the mid-1970s the St. Paul District of the Corps of Engineers experimented 
with scheduling recreational craft lockages at Locks 2, 3, and 7. In 1975, Locks 3 and 7 were 
utilized for the test, while in 1976 and 1977, Locks 2 and 7 were used. The test involved the 
development and implementation of designated recreational craft lockage times on weekends and 
holidays. Three to four half-hour time periods were designated each day for recreational lockages: 

In1975-1976 
9:00-9:30 a.m. 
12:00-12:30 p.m. 
4:00-4:30 p.m. 
7:00-7:30 p.m. 

In1977 
10:00 - lo:30 a.m. 
2:00 - 2130 p.m. 
6:00 - 6:30 p.m. 

For the testing, the Corps decided to strictly enforce the designated times for recreational 
lockages by not allowing commercial tows to lock during these periods. However, recreational 
craft were allowed to lock at other times. At times, the system worked well and recreational craft 
operators seemed to appreciate knowing when they would be able to lock through, but other times 
the scheduling created unnecessary delays for tows. If a tow arrived 30 to 60 minutes before a 
designated time but could not complete its lockage before the recreational lockage time, it was 
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forced to wait until after the recreational lockage period. Frequently, tows would be forced to 
wait, and no recreational craft would arrive for the designated time, especially in poor weather. 

While some recreational boat operators took advantage of the dedicated times, the majority 
appeared to ignore the special scheduling and come and go as they pleased. Many tow operators 
considered the dedicated periods a costly irritant. After 3 years without significant supportive or 
negative data, the St. Paul District decided to discontinue the trial of dedicated time periods for 
recreational craft. The dedicated periods did not seem to significantly benefit recreational craft 
and did cause additional delays to commercial traffic. However, by allowing recreational lockages 
at other times, the incentive to use the designated periods was significantly reduced. 

The St. Louis District conducted a similar test at Lock 25 during the 1980 navigation season. 
During this time period, three designated recreational lockage periods were established, as listed 
below. The test produced similar results to the tests in the St. Paul district. The test did not have a 
particularly strong positive or negative reaction by recreational boaters, but often commercial tows 
were delayed while few, if any, recreational craft used the lock during the designated times. 
Following the l-year test, the scheduling of recreational craft was discontinued. 

Designated Times 

8:00 - 8:45 a.m. 
12:00 - 12:45 p.m. 
4:00 - 4:45 p.m. 

In 1992, the St. Paul District placed a digital sign board, similar to the ones used on 
interstates, at the end of each guidewall at Lock and Dam 7 to inform recreational craft of the next 
estimated recreational craft lockage, provide safety tips, and give information on river conditions. 
While they have not deviated from the normal scheduling procedures, they are able to inform the 
recreational craft operators of the approximate time until the next recreational lockage. The test 
has been partially successful, but many recreational boaters still radio the lock before reading the 
sign. The location of the sign near the lock may contribute to this problem. These types of signs 
could be very valuable if a recreational scheduling policy were implemented (especially one with 
some flexibility) because the lock personnel could easily inform users of the next lockage time. 

In addition to these tests of recreational scheduling measures, some information has been 
collected on recreational boaters’ usage of the locks and river and their perceptions of lock 
conflicts. 

The Institute for Water Resources (1989) report entitled, An Analy.sis of Recreational Boding 
Impact on Navigation Lock Performance, highlighted some of the areas to be considered in 
developing an approach to scheduling. The study indicated that the UMR-IWW System receives 
approximately 75 percent of its use from recreational boaters on weekends from April to October. 
In addition, many boaters travel relatively long distances, with the average trip of over 40 miles, 
and require lockages at more than one lock facility. Over 75 percent of the recreational boaters 
surveyed indicated they have experienced delays in lockages, and of those, 75 to 90 percent 
indicated that they experience delays on the weekends. 

However, the results of this survey may be somewhat biased by the fact that surveying took 
place on weekends. Actual LPMS data for 1990 showed somewhat lower values for weekend use 
(Saturday and Sunday) with 56 percent of recreational boats locking and 45 percent of recreational 
lockages occurring on weekends. These values would be even higher if Friday evenings and 
holidays were included. However, as these numbers indicate, the number of boats per recreational 
lockage was higher on weekends. For the system as a whole (all days) on average two to three 
recreational boats are in the chamber during each recreational lockage. On weekends, this average 
is well over three, while on weekdays it is just over two recreational boats per lockage. However, 
over 50 recreational boats could reasonably fit in a 600-foot lock chamber. 
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The Corps of Engineers Waterways Experiment Station (1992) report, Recreational Use of 
Chickamauga Lock, Tennessee, and Recreational Boaters ’ Perceptions of Lock Use Conflicts, 
appears very applicable to the UMR-IWW System study despite being conducted on a different 
river system. One of the key findings was that while the length of delay was not a major source of 
frustration for boaters as long as it remained under 60 minutes, not knowing when delays would 
occur was viewed as a more significant problem. The survey also revealed that most recreational 
boaters will significantly reduce their use of the locks if delays increase or long delays are present. 
This highlights the potential that predictable times for recreational lockages may be valued by 
users as the system becomes more congested. 

Calculations. To get an idea of the potential time savings, the study team looked at the 
lockage time required to implement a scheduling program versus what is actually occurring. The 
amount of time that recreational vessels would have the chamber designated to their use under a 
strictly enforced scheduling program can be calculated fairly simply. 

Current recreational use of the system has a rather predictable pattern. Almost no 
recreational lockages occur from November through March at most locks on the system. Traffic 
levels grow steadily from May through July and then tapers down again through October. As a 
result of this pattern, scheduled times for recreation would only be needed from roughly May 
through October. This would address the majority of recreational lockages, and at other times they 
could be locked under the current policy. 

If designated lockages were provided every day, this process would result in a number of 
recreational lockage periods equal to 3 (assuming 3 designated periods per day) times the 184 days 
from May through October, or 554 designated periods per year. By multiplying the 554 periods 
times 30 minutes per period, there would be 16,620 minutes or 276 hours per year. 

However, with the highest recreational usage occurring on weekends, it may be most 
advantageous to only have the designated periods on weekends or to have a more limited number 
of lockages times on weekdays (two per day, morning and evening). If scheduling occurred only 
on weekends, this would result in lock usage of 78 hours per year. 

A review of the LPMS data for the system revealed that recreational lockage times for Locks 
11 to 25 averaged 14 minutes in 1990, while the IWW sites averaged 21 minutes. The primary 
time difference between the waterways is related to the water level difference between the upper 
and lower pools, which is greater on the IWW and affects the overall chambering times. These 
data show that on the IWW designated time periods of 40 to 45 minutes would likely be required 
to allow one upbound and one downbound lockage. Table 4-20 summarizes the number of 
lockages and lockage times by lock for recreational craft. 

The yearly time savings would equal the current total lock usage time for recreational vessels 
(the number of recreational lockages times the time per lockage) minus the new time dedicated for 
recreational lockages under scheduling. The following formula was used to analyze the benefits of 
a scheduling program: 

Total Savings = (No. ret lockages/yr x time/lockages) - time required for scheduling/yr 

Even at a relatively low recreational usage level of 625 lockages per year (an approximate of 
the number of lockages at Locks 20-25 in 1990) and 14 minutes per lockage, a lock would have 
current recreational usage of 8,750 minutes per year or 145 hours per year. This is the total for the 
entire year, versus under-scheduling where it would be 276 hours if scheduled from May to 
October. In this instance, implementing daily scheduling would increase the period of time 
recreational craft are using the locks. However, many lock sites have considerably more 
recreational traffic. For example, at Lock 1 I there were 2,092 recreational lockages in 1990 with 
an average lockage time of 16.3 minutes. This resulted in 568 hours of recreational use of the 
lock. Time savings would be possible if a recreational scheduling program were implemented at 
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lsed on 1990 Data) 

Lock Usage w/Scheduling column is based on 3 - 30 min. periods/day for UMR and 3 - 45 min periods for Upper IWW and 19. 
Note*: Shading indicates sites with auxiliary locks. These locks (14.15, Mel Price, & 27) were not included in avg. 

Peoria and La Grange data do not provide accurate picture, since open pass conditions occur during part of the year. 
Mel Price lockages are overstated, 1992 and 1995 data used for main and aux. locks, respectively, both record nearly all lockages. 
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this site. However, there are currently few delays to commercial traffic at this site. Similar results 
were found when looking at scheduling on weekends only. Table 4-20 provides information on 
the analysis of UMR and IWW locks. 

These calculations demonstrate the potential that at sites which currently have low to 
moderate levels of recreational traffic, such as the lower UMR sites, having designated 
recreational lockage times may actually increase delays. There would also be a large decrease in 
overall flexibility, in contrast to the current situation where recreational craft are often locked 
during the turning back of the chamber for tows heading in the same direction. This process 
allows for recreational lockages while minimizing impacts on overall delays. In addition, if 
recreational craft were also allowed to lock at other times, this measure could greatly increase the 
time recreational craft use the locks each year. Finally, this analysis did not consider the potential 
additional delays to tows, which arrive prior to recreation lockage times but are forced to wait 
until afterwards because they could not complete their lockage prior to the period. 

Conditions Affectina Implementation. The major concern in implementing recreational 
scheduling is the potential for negative impacts and reactions from the commercial industry and 
recreational users. The more strictly the policy is enforced (e.g., allowing recreational craft 
lockages only during designated times and not allowing tows during these times), the greater the 
potential for a negative response from members of either user group. In addition, strictly 
enforcing the policy results in the loss of flexibility to lock recreational craft and could create 
significant delays for recreational craft trying to travel longer stretches of the river because they 
potentially could by forced to wait several hours before the next designated period. This strict 
application of the policy has not been attempted in the past. 

Several factors are likely to play a major role in the effectiveness of any implementation of 
this measure. Public involvement and education of the recreational boating community and 
navigation industry would need to be a very high priority, both in regards to setting the times and 
in clearly communicating why they are needed and how they will be enforced. 

While designated times have been tried, there was no particular enforcement of only locking 
recreational craft at certain times. By allowing lockages at other times, there was a greatly 
reduced incentive for recreational operators to utilize the designated times and, as a result, an 
overall reduction in the effectiveness of the measure to reduce delays at locks. If recommended, 
the type of scheduling to be implemented should consider the benefits of setting times that vary by 
site to take account of specific recreational and commercial traffic volumes versus having standard 
times for the entire system. On weekends and at some high volume sites, additional recreational 
lockage times may be justified. 

Implementing recreational craft scheduling would be a relatively low-cost measure. The Costs. 
major costs, summarized in Table 4-2 1 below, would be to conduct a study to develop the 
schedule and select sites for implementation. Additional cost and effort would be involved with 
ensuring adequate coordination with user groups and the possible collection of survey data. 
Following the selection of a scheduling approach, additional funds would be required to notify 
interest groups and the public of any changes. In addition, developing adequate signage and 
publicizing any new schedule would involve some expense (post signs at Corps-owned boat 
ramps, distribute brochures, press releases, and public education efforts). 

While not included in the costs, an electronic sign upstream and downstream of the lock 
could be added, like the one at Lock 7, to inform recreational users of the next available lockage. 
The signs include small panels to show operators what is being displayed. These electronic signs 
are relatively expensive, costing approximately $25,000 per lock to have the digital sign and 
software. 
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TABLE 4-21: FIRST COST TO DEVELOP RECREATION CRAFT SCHEDULING 

Item cost 
Study to Develop Schedule, Identify Sites, and Public ) $305,000 
lnvol~ement 
Signage and Public Awareness Campaign 

Total 

110,000 
105,000 

$520,000 

In addition, an annual cost of approximately $35,000 would fund monitoring of the scheduling 
program, ongoing public awareness efforts, and replacement of the signs. 

Besides direct costs, there may be the potential for negative economic impact, if changes in 
the recreational craft’s ability to use the locks leads to reductions in recreational use of the system. 
According to the 1995 report, Economic Impact of Recreation on the Upper Mississippi River 
System, recreationists make over 12 million daily visits yearly to the UMR-IWW System. The 
visits contribute direct and secondary expenditures of over $1.2 billion, significantly benefiting the 
economy of the five study area states and helping to maintain approximately 18,000 jobs 
nationwide. Similar results were provided by the Upper Mississippi River Conservation 
Committee’s 1982 report, Outdoor Recreation: Big Business on the Upper Mississippi River 
System. The Committee also estimated the recreational economic impact on the UMRS at 
approximately $1 billion per year. 

RelationshiD to Other Measures. The scheduling of recreational craft would be compatible with 
all other small scale measures under consideration. However, if both scheduling of recreation 
craft and a scheduling program for commercial tows were implemented, additional coordination 
should go into ensuring that the measures work together. 

Conclusion. Implementing recreational craft scheduling does not appear to be able to reduce 
delays at the most congested locks on the system. There would be some time savings potential at 
the upper lock sites, but currently these sites are not experiencing significant delays. In addition, 
there are concerns with the acceptability of a strictly enforced program to both commercial 
navigation and recreational interests. 

. Recreational Craft Landing Above and Below Lock 

DescriDtion of Measure. This measure calls for ensuring that adequate boat ramp facilities are 
available at either end of a pool near the lock in order to minimize the need for recreational craft to 
lock between pools due to a lack of access in one pool. This measure addresses the problem that 
in some locations the only available landing for several miles is located either just above or below 
a lock. At these locations, there is a potential for a large number of users to put their boats in the 
pool with the better access and then lock through to reach the desired pool. During periods of 
higher traffic, these additional recreational lockages could increase overall lock delays, especially 
in consideration of the current regulations requiring that at a minimum recreational craft are 
locked after every third commercial lockage. In addition, providing additional landings could 
increase safety by reducing the frequency of commercial and recreational boats waiting to use a 
lock. 

Delav Reductions MethodoloavlTime Savinas Estimates. This measure was carried forward 
based on its potential to reduce delays to commercial craft associated with recreational craft usage 
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of the locks by eliminating the need for some recreational craft to use the lock facilities. However, 
on further review, it does not appear likely that this measure will provide measurable or significant 
time savings benefits. The actual delay reduction possible is closely related to the reasons that 
recreational craft are currently using the locks (e.g., local traffic that simply enjoys locking, 
marina-based craft, and through-system travelers). In addition, the willingness of recreational 
users to wait for the lock influences the response of recreational craft users to increasing delays. 

The study team conducted a two-step analysis to determine the potential time savings related 
to additional boat landings. The first step was to identify sites where a lack of recreational 
facilities exists that could be contributing to delays. Sources of information for this section 
included site visits, calls to the lockmasters, Division Bulletin No. 2, and review of the Navigation 
Charts. The second step involved looking at various recreational studies, LPMS data, and calling 
lockmasters to determine the likely response of boaters and potential time savings. 

Currently, there are several hundred boat landings and marinas along the UMR-IWW System 
and its tributaries. In addition to state and privately owned facilities, the Corps operates over 
30 ramps in the study area. However, the distribution of access points varies considerably from 
pool to pool, with stretches of 20 miles or more with no landings in some areas and up to several 
ramps within a short distance in others. The number and location of bridges can reduce the need 
for landings, since a single site can provide access for residents on both sides of the river. In areas 
where there are no bridges, landings would be needed on both sides of the river above and below 
the lock to provide equal access. Table 4-22 summarizes the lockage time for recreational craft 
heading upstream and downstream and highlights sites lacking adequate landings near the lock and 
dam facility. 

The primary sites that could benefit from an additional landing facility would be Locks 12, 
16, 17,20,22,24,25, and Mel Price. Despite these sites being identified from a review of 
information on boat ramp facilities, the lockmasters generally did not feel that significant delay 
reductions would occur. Other areas, such as in the pools above and below La Grange Lock and in 
Lockport pool, have a relatively low number of landings and longer distances between them, but 
current recreational usage does not appear to require additional facilities. 

The primary focus in recent years at Corps-operated recreation sites has been maintenance, 
and in some cases rehabilitation, rather than new construction. While constructing additional 
ramps has been considered as a way to reduce recreational craft lockages, the study team was 
unable to identify situations where they were actually constructed to reduce conflicts. User 
surveys and recreational facilities assessments are the primary information available on this topic. 
The following paragraphs summarize the findings of a number of these reports. For example, 

The GREAT studies identified public access needs in nearly every pool. In the 
upper river, all pools except Pools 2 and IO have inadequate boat landings. In the 
middle reaches, a dejinite need for boat ramps has been shown for all but Pool II. 
In the lower pools, user surveys have identtjied ‘more public access ’ as one of the 
top two suggested recreation improvements (Upper Mississippi River Basin 
Association, Recreation in the Upper Mississippi River System: An Overview of 
Facility Needs, July 1983). 

While this does not directly address the availability of recreation facilities above and below 
the locks, it does indicate the general need for additional sites. 
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TABLE 4-22: RECREATION LOCKAGE TIME AND NEED FOR LANDING BY LOCK SITE 

Average 1990 No. Craft Per Need of Boat Landing 
Lock Site and Rec. Lockage Lockage (both (“no” indicates adequate facilities 

Direction Time (Min.) directions) currently exist) 

11 US 16.2 3.31 no 
DS 16.4 no 

16 

17 

18 

19 

us 15.2 
DS 14.3 
us 13.8 
DS 13.1 
us 12.2 
DS 11.3 
us 23 
DS 20.1 

I  

1.83 IL side lacks landing for 9 mi 
no 

1.7 IL side lacks landing for 10 mi 
no 

1.94 no 
no 

2.28 no 
no 

20 us 15.8 
DS 13.9 

1.96 IL side lacks landing for 16 mi 
no 

21 us 1 14.7 1.81 no 
DS 1 10.7 no 
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TABLE 4-22 (Continued) 
1 Averaae 1990 1 No. Craft Per 1 Need of Boat Landing 

Lock Site and Rec. Lickage Lockage (both (“no” indicates adequate facilities 
Direction Time (Min.) directions) currently exist) 

I 
I f-M-K- 1 I IC 71 a 1 A7 No landinas for 20 mi I 
Lv” I \ -  “V 

PORT DS 
BRAN- US 

DON DS 
DRES- US 

1s I 

”  I  . ”  

26.1 
31.4 
26 
21 
0.1 
7.5 

22.1 

1 DEN 1 DS 1 -2 

.  . - -  

1.72 

2.44 

2.51 

. -  ___._... -  . -  ~. 

no 
no 

No landings for 9 mi 
no 
no 
no 
no I ~~ I I 

c.TAn”Cn ’ us 19.8 2.22 no 1 
nn I 18 7 I no I 

“,r....~l 

ROCK -- .-.. 
PEO- US 12.7 
RIA DS 13.1 

2.64 no 
no 

I 
_._ _ 

LA us 13.8 
GRANGE DS 12.7 
Average US A-- 

2.35 

.-._ 

No landings for 8 mi 
No landings for 9 mi 

i 1 LL.O I L.L I 
i 19.8 I 

The Institute for Water Resources (1989) report, An Analysis of Recreational Boating Impact 
on Navigation Lock Performance, highlighted some of the areas needing to be considered in 
determining the ability of additional facilities to address lock congestion. As part of the study, 
boaters using the locks were interviewed. The boaters indicated that most of their use of the 
system was on weekends, that many travel relatively long distances with the average trip distance 
of over 40 miles on water, and on average they had relatively larger craft with the average length 
of boat over 26 feet. 

In December 1992, WES released a report entitled, Recreational Use of Chickamauga Lock, 
Tennessee, and Recreational Boaters ’ Perceptions of Lock Use Conflicts. While the survey was 
conducted on a different river system, much of the information seems very applicable to the UMR- 
IWW System Navigation Study. The survey revealed that the majority of recreational craft using 
the locks (6 1 percent) were marina-based, while only 18 percent of lock users originated their trips 
from boat ramps. When the users were asked if additional boat facilities would increase use of the 
locks, they indicated that additional marinas would increase the use of the lock facilities while 
additional boat ramps would have little impact on the number of recreational craft lockages. 
While this varies somewhat based on the site-specific conditions at each lock, this assessment was 
generally supported by the lo&masters. 

The Waterways Experiment Station completed a draft report, A Study of Water-Based 
Recreation on the Upper Mississippi River (Pools 7 and 8), in September 1995. The study found 
that the recreational craft using the locks were primarily larger boats with greater than 300 
horsepower (i.e., marina-based cabin cruisers). In contrast, the craft using the boat ramps 
averaged around 16 feet long and 80 horsepower. In addition, many of the lock users were coming 
from farther upstream or downstream. Of the boats locking through Lock 6 during the study, 
approximately 30 percent originated in Pools 3 and 4 and 20 percent in Pool 8. While this likely 
varies a great deal by lock, it indicates that the placement of additional boat landings within the 
pool may have little impact on the lock usage in this reach of the river. 

In the early 198Os, as part of the Comprehensive Master Plan for the Management of the 
Upper Mississippi River System, the Upper Mississippi River Basin Commission studied the use of 
the river by recreational craft. A survey conducted as part of that effort indicated that while 
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managers and providers of recreational facilities felt that additional boat access points would help 
reduce recreational craft lockages, the majority of recreational users were unsure (63 percent) of 
the effects. However, both groups felt more ramps and marinas would lead to increased 
recreational usage of the river. The study also found that if commercial use of the locks increases, 
less recreational craft would use the locks. 

Most of this information is in agreement. While some reduction in the number of recreational 
craft using the locks may be possible through the placement of additional boat ramps, significant 
reductions are not likely. In addition, there is the potential to further increase the number of 
recreational users in the areas around the lock, possibly negatively impacting safety. Some of the 
studies also highlight that many of the boats using the locks are marina-based and the presence or 
absence of landings is unlikely to affect their movements. The information also raises the issue 
that many recreational craft users appear to be fairly time sensitive and many may simply not use 
the locks if there are long delays. 

In order to produce a time savings, the number of recreational craft lockages needs to be 
reduced and not just the number of recreational craft using the locks. Currently, on average two to 
three recreational craft are in the chamber for each recreational lockage. If traffic is reduced based 
on constructing new landings, there is no delay reduction unless the number of lockages is 
reduced. See Table 4-20 for information on the number of lockages per year. 

Conditions Affectina Implementation. Several conditions could potentially impact the ability to 
provide additional ramps, The reaction of the recreational boating community is a major factor 
that will affect the overall impact of constructing additional landings. As some of the information 
summarized above indicates, recreational craft use the locks for a variety of reasons (e.g., enjoy 
lockages, marina based, want to use neighboring pool, and traveling long distances) and may have 
their desire to lock altered significantly by the presence of congestion and extended delays. In 
addition, a real potential exists that additional facilities may only further increase recreational 
boating levels and, as a consequence, conflict with commercial navigation. This may even 
increase recreational lockages. Further analysis is needed to determine the likelihood of an 
additional facility to reduce the number of recreational lockages, since at most sites on average 
two to three recreational craft are present in each lockage. 

The development of new recreational facilities at formerly unused sites may present 
significant site-specitic environmental impacts. However, the presence and extent of any impacts 
would not be known until an actual site and plan are selected. 

The following tables summarize the expected costs associated with the development of a Costs. 
new boat landing at a currently undeveloped site. The estimated construction cost of $270,000 and 
annual operation cost of $12,500 are based on recent Corps construction and operations activities 
plus some contingencies. This cost does not include land cost for the boat landing site or 
environmental costs. These costs were not included because the specific sites where a new 
landing would be constructed were not identified as part of this analysis. 

TABLE 4-23: FIRST COSTS OF DEVELOPING A BOAT RAMP AND PARKING LOT 
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The estimated life of the ramp is approximately 30 years, at which time replacement of just 
the ramp is expected to cost approximately $30,000. This estimate is based on information from 
the past 5 years, during which time the Corps has replaced and rehabilitated eight boat ramps in 
the Rock Island District at an average cost of approximately $30,000 per ramp. The need for 
rehabilitation results from increasing damage to older facilities resulting from larger boats with 
increased prop wash, cumulative damage over time related to erosion and use, and desired 
improvements related to better serving the larger boats that are now using the river. 

The annual costs include funding for ranger patrol of the site; a service contract for toilets; 
and vandalism, road, and flood repair. However, user fees will help to offset these costs. In 1995, 
the Corps began collecting user fees at some boat ramps. The fees of $2 per launch or $25 for a 
season pass generated $13,820 in the Rock Island District alone. However, only the funds in 
excess of the costs of establishing collection sites and providing monitoring, $6,225, will be used 
for maintenance at the recreation sites. The first year’s fees were only collected for part of the 
season and the initial costs of establishing the system were incurred, so in future years the portion 
of the revenue for maintenance of the facilities should increase substantially. 

I TABLE 4-24: ANNUAL O&M COSTS OF A BOAT RAMP AND PARKING LOT 
I 

Item 
Operation & Maintenance (ranger patrol; flood road & vandalism 
repair, toilets) 
Fee Collection 

Subtotal 
Contingency 25% 

Total Annual O&M Costs 

cost 
$12,000 

(2,000) 
10,000 

2,500 
$12,500 

The costs to develop and maintain additional boat facilities would likely be at Federal cost 
due to the difficulties associated with identifying a private operator to construct a ramp in the 
specific areas being considered. However, current regulations require a 50150 cost share of any 
new construction with a sponsor. In addition, the sponsor must assume operation and maintenance 
responsibilities and costs, required by Public Law 89-72, as amended and supplemented by the 
Water Resources Development Act (WRDA) of 1986. If this measure is recommended, a request 
for an exception to the above stated laws could be made allowing for Corps ownership and 
operation of the sites. 

RelationshiD to Other Measures. This measure can be combined with virtually all other 
measures. The possible exception would be if the location of a new landing area conflicted with 
the placement of mooring cells or tie-off areas for commercial barges waiting for lockages, 
engaging in self help, or using switchboats. 

Conclusions. The primary benefits of the construction of additional boat landings would be a 
limited number of sites where there the current absence of adequate facilities is resulting in 
additional lockages. In addition, existing data do not strongly support the concept that additional 
landings will provide benefits in reducing the number of recreational lockages. 

Optimizing Decisions 

Optimizing decisions focuses on identifying how the existing system can be used more effectively 
to reduce delays and minimize transit times through the system. The 3-up/3-down policy, which is 
currently implemented when warranted by the presence of adequate queues, provides an example of 
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an optimizing decision. The policy of 3-up/3-down takes advantage of the fact that same direction 
lockages, where tows going the same direction are locked after one another, are generally faster than 
alternating between tows headed in opposite directions (this is especially true at low-head dams 
where chambering times are fast). The following section summarizes the potential to develop a 
computerized scheduling program to minimize delays during specific traffic situations present at a 
lock. These measures would not be required at all times, but their implementation would be triggered 
by the presence of delays which occur with varying frequencies at most lock sites. 

. Scheduling Program 

Descridion of Measure. The use of a scheduling program could achieve time savings by 
optimizing the sequence of the particular vessels present at a lock or series of locks. It would use 
a personal computer-based scheduling program that would develop a scheduling sequence for tows 
in a queue based on mathematical modeling of various types and configurations of queues. The 
potential delay reduction varies considerably based on the type of queue present, configuration of 
tows, weather, currents, etc. Scheduling primarily assists in maximizing lock efficiency, which 
can be achieved in a number of ways depending on the goals of the program. Two general 
approaches can be taken. 

Under the first approach, the primary benefit of scheduling would be minimizing approach 
and reconfiguration times. For example, scheduling could result in a higher percentage of 
tumback lockages that generally take significantly less time than exchange lockages. Additional 
time savings could be achieved by locking recreational craft together and placing tows requiring 
only a single cut at the beginning and end of an N-up/N-down series. This type of program would 
provide flexible and responsive scheduling that would assist in maximizing throughput and 
reducing delays. A second approach would be to schedule tows to reduce delay per tow, delay per 
barge, or delay per loaded barge. Under this approach, the throughput remains relatively 
unchanged, but delay as defined by the criteria can be reduced. 

The existing regulations for the navigation system, 33 CFR 207.300, state that the normal 
procedure for the system will be that vessels arriving first shall be locked first. However, the 
lockmaster may depart from this procedure when warranted. The regulations also state that 
recreational craft will not be required to wait for more than three commercial lockages before 
being locked through. In many cases, recreational craft are locked between every commercial 
lockage, and they can use the chamber when it is being turnbacked for the second cut of double 
lockages or the next tow. While these recreational craft lockages typically take a relatively short 
amount of time, approximately 15 minutes, they do impact the overall scheduling. 

The proposed scheduling program would likely be housed and maintained in one location 
(i.e., a district office) and the locks would have on-line access to run the program as needed. This 
program would be used to assist in best managing variations in traffic levels at a lock. The 
computer program would be operated on a semi-real-time basis to produce a form of interactive 
scheduling. For example, during periods of low usage, the program would not be needed and a 
simple first come, first served policy could be used. As traffic increases and queues develop, a 
3-up/3-down scheduling rule might be implemented. If queues persist or grow even longer, the 
scheduling program could be used to recommend and determine if other procedures would better 
maximize the locking facility and reduce delays. Depending on the level of detail in the 
scheduling algorithm, the program could provide detailed information on the specific lockage 
order of the particular tows. 

While a program could be developed to schedule a specific lockage time for each tow at each 
lock as a form of system trip planning, this approach is not desired due to the variability in 
traveling the river and potential for unforeseen events that would result in the need to continually 
modify the schedule for all tows on the system. However, the program could optimize a group of 
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locks systemically. This type of scheduling would allow for closer coordination between locks so 
that tows are processed through the system and not just from one queue to the next. 

A potential benefit of a detailed system model would be that it could be designed to maximize 
net benefits to the nation (NED). A sophisticated scheduling algorithm could be developed to 
reduce total delay time (per tow, per barge, etc.), reduce delay costs, maximize lock throughput, etc.; 
however, its use would require increased amounts of information on the type of barge, commodities 
carried, and operating costs of a particular tow. 

Delav Reductions MethodoloavlTime Savinns Estimates. The expected benefits of a 
scheduling program include the potential to improve on the current N-up/N-down policy in 
minimizing approach and exit times and to better optimize the system based on a particular 
scheduling approach (e.g., reduce average delay per tow, reduce per barge delay, etc.) 

Several sources of data were evaluated to provide information on the potential time savings 
available for implementing a scheduling program. These sources, discussed in detail in this 
section, included: the 1981 Lewis Berger & Associates, Inc., report entitled, Inventory of 
Potential Structural and Non-Structural Alternatives for Increasing Navigation Capacity - Upper 
Mississippi River System Master Plan; the 1974 Daggett, et al. report entitled, Use of Tow 
Sequencing Procedures to Increase the Capacity of Existing Lock Facilities; the 1994 Ting and 
Schoneld draft report entitled, Effects of Tow Sequencing on Capacity and Delay at a Two-Chamber 
Lock; and the 1990 LPMS data. This section summarizes the findings and results of these sources. 

Lewis Berger & Associates, Inc. (198 1) summarized a 1960s test on the Welland Canal, 
connecting Lake Erie and Lake Ontario, which sought to minimize delay times by giving priority to 
tows and vessels with the shortest lockage times. While it did not involve the use of a computer 
program, it used alternative scheduling to maximize the lockage rate. The result of this test was that 
a greater tonnage could be transported in a given time using this method compared to a standard first 
come, first served basis. These results are related to the fact that a slow locking tow can significantly 
delay an entire queue of tows. However, if slower tows are required to wait a relatively short period 
of time to allow other vessels to lock, the additional delay does not significantly affect their overall 
transit times. 

In 1974, WES developed a real-time scheduling system for use by lock personnel to determine 
the optimal order in which to schedule tows waiting for a lock. The system that allowed direct data 
entry into a terminal for analysis was used for Lock 5 1 on the Ohio River. The program was 
developed to schedule tows from a queue based on various scheduling criteria (e.g., minimize total 
waiting time, minimize wait in barges per minute, minimize total waiting costs, etc.). The program 
allowed the lo&master to analyze the scheduling using the various criteria and provided the second 
and third options. This information increased the lo&master’s flexibility (especially in meeting 
unanticipated or uncontrollable situations such as outdraft, adverse weather, etc.) while still utilizing 
the program’s capabilities. The study concluded that a computer-based program could significantly 
reduce transit times (total waiting time plus lockage time) at locks based on its ability to evaluate and 
make determinations of a large amount of data in a short time period. While only expanding system 
throughput by approximately 2 percent, the report estimated that better scheduling of tows could 
produce an average transit time savings of approximately 16 minutes per tow. 

A 1994 University of Maryland draft report on the Effects of Tow Sequencing on Capacity and 
Delay at a Two-Chamber Lock summarized the benefits of using a scheduling program to maximize 
lockage efficiency. The program assessed the benefits of scheduling following two separate 
strategies: shortest processing time first and maximum saving or fastest throughput of a chamber in 
barges per unit time. The results of this study indieate that delay time savings of over 70 percent are 
possible using these scheduling approaches over a first come, first served policy at a two-chambered 
lock. However, these savings are significantly overstated in terms of the UMR-IWW System, since 
some efficiency measures such as 3-up/3-down are currently implemented in delay situations and 
very few locations have two chambers. 
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In evaluating the benefits of a scheduling program, Lewis Berger and Associates, Inc. (1981) 
were not able to identify significant changes in capacity. They estimated that implementing the 
measure might only increase lock capacity by approximately 3 percent. However, the use of 
scheduling can reduce various delays (e.g., delay per tow, minimize delay time per barge, reducing 
total delay cost, etc.). They also found diminishing returns as progressively more detailed 
scheduling is undertaken, In a separate assessment of the incremental benefits of various N-up/N- 
down policies, they found that the greatest benefits are associated with changing from l-up/l- 
down to a 2-up/2-down, 3-up/3-down, or 4-up/4-down. These measures provide approximately 
50 percent, 66 percent, and 75 percent of the potential benefits, respectively. While additional 
efficiencies are possible, they are incrementally smaller than the initial benefits of implementing a 
scheduling measure. 

The use of a scheduling program does provide the opportunity to reduce delays in more ways 
than simply trying to lock the most tows through in the least amount of time. It can be used to 
minimize delays per tow, minimize delay per barge, maximize the lockage rates in tons of 
commodities, minimize total delay costs, etc. While many of these different approaches would 
produce similar results, they do vary to some extent and may provide different types of benefits to 
the nation and incentives for industry (e.g., to reduce empty backhauls, reconfigure tows to 
maximize lock usage, etc.). 

Currently scheduling in the form of an N-up/N-down policy is employed most frequently at 
the lower locks on the system when queues warrant its use. These times typically occur following 
an accident, during lock downtime for repair, or during periods of high traffic movements. Many 
of the lockmasters reported that its use already exceeds 10 percent of the year at their sites, with 
some of the highest usage reported for Peoria and La Grange Locks. 

Table 4-25 provides estimated potential time savings associated with better scheduling by 
evaluating approach and exit times using 1990 LPMS data. The time savings of replacing 
exchange lockages with tumbacks is approximately 8 minutes on single lockages and 16 minutes 
on doubles for the UMR Locks 1 l-25 (excluding Lock 19). IWW time savings are a little larger 
with potential savings of 10 minutes for single lockages and 19 minutes on doubles. However, 
this does not account for the extra time associated with turning back the chamber of 8 minutes for 
the UMR and 14 minutes for the IWW, which reduces the time savings. In addition, not all tows 
realize this lockage time savings because scheduling only increases the percentage of turnback 
lockages. Some exchange lockages still must occur. Moreover, some of the time savings is 
already accounted for by existing tumbacks and the periodic use of an N-up/N-down policy. Due 
to the number of variables involved in determining the actual time savings, the study’s systems 
models would be required to fully evaluate what these types of time savings mean in terms of 
reducing delays at locks. 

Conditions Affectina Imljlementation. Frequently, the lockmasters vary scheduling from first 
come, first served to various N-up/N-down procedures. While a 3-up/3-down scheduling system 
is often used during congested periods, a great deal of flexibility actually exists depending on the 
requirements of the situation. In many instances, this procedure is modified in coordination with 
the River Industry Action Committee (RIAC) to implement a more suitable procedure, such as 6- 
up/l -down or 4-up/4-down, when conditions and queue dictate. In situations where these 
alterations are already made, it greatly reduces the potential incremental benefits associated with 
the use of a scheduling program. The requirements of locking recreational craft after every third 
commercial lockage also impact the effectiveness of scheduling programs since each commercial 
cut is considered a separate lockage. Changing the requirement to, recreational craft shall be 
provided a lockage after every third lockage or two double lockages, would provide lockmasters 
more flexibility on when to work in recreational craft lockages. 
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I TABLE 4-25: TIME SAVINGS (MIN) ASSOCIATED WITH REPLACING 
EXCHANGE WITH TURNBACK APPROACHES AND EXITS 

Note: + Avg UMR II-25 excludes Lock 19. 

The use of a computer-based scheduling program has some potential disadvantages. It would 
likely require additional timely and accurate data and coordination. Depending on how the system 
is implemented, it could result in a reduction in the flexibility of lockmasters while not being able 
to fully account for site conditions or crew capabilities. Conversely, a model designed to address 
site-specific optimization may be too narrow in scope to adequately address system issues. In 
addition, the use of a scheduling program could impact the equity of service by requiring 
significant deviation from a first come, first served policy. For example, it may focus on 
increasing the probability that a single or knockout single lockage would be scheduled as the last 
tow in an N-up/N-down sequence to minimize recoupling and exchange times. 

The costs of implementing a scheduling program are relatively low and are primarily Costs. 
related to designing, testing, and running the program. These costs would be influenced by how 
the actual program would be implemented and maintained. Potentially reducing the costs is that 
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some similar types of scheduling programs have been developed (WES and University of 
Maryland) and could serve as a starting point. However, even if a developed model were used, it 
would still require additional efforts to adapt it for use on the UMR-IWW Navigation System. 
Table 4-26 summarizes the estimated first costs to develop a scheduling program for the system 
based in part on available information and models. In addition, an annual maintenance cost of 
$35,000 per year is anticipated to upgrade the model and provide some additional training to lock 
personnel. 

TABLE 4-26: FIRST COSTS OF COMPUTERIZED SCHEDULING PROGRAM 

Cost Item 
Study 
Construct Model, Test, Refine, and Develop Manual 
Training of Lock Staff 

Subtotal 
Contingency 25% 

Total First Costs (not including site acquisition) 

J 

Cost 
$253,000 

130,000 
57,000 

440,000 
110,000 

$550,000 

Relationship to Other Measures. The use of a scheduling program would be compatible with 
virtually all other measures, and in some cases additional time reductions could be obtained 
through joint implementation. For example, the use of extended guidewalls and helper boats, 
which can eliminate the need to remake tows before exiting the chamber, would greatly benefit 
from joint implementation with scheduling which maximizes the number of tumback lockages. 
The scheduling of recreational craft or other measures to reduce their use of the locks could also 
assist in increasing the efficiency of moving commercial vessels through the locks. 

Conclusion. Most of the benefits of a scheduling program are already being obtained by the use 
of a flexible N-up/N-down policy. However, scheduling does provide benefits to the system and 
should continue in some form. 
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STRUCTURAL SMALL SCALE MEASURES 

Extended Guidewalls 

A guidewall is generally a concrete wall extending upstream and downstream in line with the 
landside wall of the lock chamber. On the UMR and IWW, the guidewalls are on the landside of 
the approach channel. They are typically 600 feet long each to match the length of the chamber, 
but may be as long as 1,200 feet for those locks with 1,200-foot chambers (see Figure l-4, Typical 
Lock Configuration). These walls are used by the towboats to physically guide their fleet of 
barges into the lock chamber in a straight line. If the barges are not straight, they may not fit in 
the chamber. (The lock chamber is typically 110 feet wide and a full tow of barges is typically 
105 feet wide.) Approaching vessels face up against the guidewall in preparation for entry into the 
lock. Sometimes vessels tie up against the guidewall while waiting their turn into the lock. 
Guidewalls often have armor plating to protect them from the constant rubbing of the barges. 

Guidewalls are also used to tie off unpowered cuts. An unpowered cut is a section of barges 
(usually 9 of them) that is taken from the front end of the towboat’s 15-barge group and locked 
through without a towboat attached to them. These cuts fill the whole lock and must be pulled out 
or extracted by tow haulage equipment or assist boats. The unpowered cut is pulled out along the 
guidewall and tied off there, waiting for the towboat and its remaining barges (the powered cut) to 
lock through. When the powered cut is finished locking through, the gates open and the two 
halves are reattached. However, since the unpowered cut and guidewall are each 600 feet long, 
the second, powered cut remains partially inside the lock chamber while the two cuts are 
reattached. This means that the lock can not be used for other vessels until the two cuts are 
secured to each other and the towboat, now with its full fleet of 15 barges, moves out of the lock 
area. 

Descriotion of Measure. Extending existing 600-foot guidewalls to 1,200 feet allows the 
powered cut of a double lockage to make up with the unpowered cut completely outside of a 600- 
foot lock chamber. The lock is therefore free to turn back for the next vessel (traveling in the 
same direction) and is not impeded by the tow makeup on the guidewall. This is the major time 
savings benefit from this measure that works best when combined with other small scale measures 
such as powered kevels, unpowered kevels, switchboats, or industry self help that move the 
unpowered cut to the end of the extended guidewall. 

The following text briefly describes the benefits of extended guidewalls. Immediately 
following this section is the joint benefits that result from combining this measure with various 
tow haulage options (e.g., powered and unpowered kevels). The benefits in combination with 
various towboat power options were discussed previously. 

Delav Reductions MethodoloavlTime Savinas Estimates. References used in evaluating the 
potential benefits from extended guidewalls include the following: 1) 1993 Mississippi River 
Locks and Dams II-22 Approach Improvements Rehabilitation Evaluation Report; 2) 1995 
Improved Tow Haulage Equipment Interim Report; 3) 1975 report on Evaluation ofOperational 
Improvements at Locks and Dam No. 26, Mississippi River; 4) 1990 LPMS data; 5) interviews and 
lock site visits with lockmasters and navigation industry representatives; and 6) expert elicitation 
meeting. 

The actual total time savings associated with extended guidewalls can be broken down into 
four components: 1) the reduction in approach time; 2) the reduction in the extraction time of the 
first cut; 3) the reduction in chambering time for the downbound powered cut by faster emptying 
of the chamber (the first cut is removed from the lock discharge area); and 4) the reduction in the 
remake of double lockage tows by allowing remake to occur outside the chamber along the 
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extended guidewall. There is also some potential to benefit the reconfiguration of setover and 
knockout single lockages. 

Approximately 80 percent of all commercial lockages in the study area require a double 
lockage where the tow is locked through in two stages, an unpowered first cut and the powered 
cut. Opportunity exists to reduce tumback exit delays at locks with extended guidewalls when 
there is a means of extracting the unpowered first cut to the end of the extended guidewall. 
Extraction of the first cut can be done with tow haulage, switchboats, or industry self help. This 
opportunity to reduce tumback exit delays to waiting tows is seen in Tables 1 - 1 and l-2, derived 
from the 1990 LPMS data. The information in these tables shows the increase in commercial 
traffic and in the percentage of tumback lockages as traffic moves to the lower end of the naviga- 
tion study area on the UMR and IWW. As noted, Peoria and La Grange Locks have navigable 
pass, which accounts for the smaller number of tows processed through the lock at these sites. 

Reduction in Atwroach Time. The lengthening of the guidewall provides two elements of 
time savings in the approach. First, the longer wall gives a larger “landing surface” for the tow to 
steer towards. Depending on which side of the chamber (landside or riverside) the guidewall is 
placed and the outdraft at the time of approach, the tow may be able to make a faster approach at a 
larger target. Safety is also enhanced if the tow is able to get on the guidewall sooner. Secondly, 
the tow will be able to stage itself just outside the lock chamber for a tumback lockage because it 
can fit on the entire wall (and not have any part of the tow “hanging off’ the wall). When the lock 
is turned back, the tow will be able to move in immediately instead of leaving the bank, mooring 
buoy, or river’s edge to make its approach. The approach time savings with extended guidewalls 
is site-specific and is included in the “Approach Channel Improvements” section of this report. 

Reduction in Extraction Time of the First Cut. The potential for reduction in the extraction 
time of the first cut is directly attributable to other small scale measures in conjunction with 
extended guidewalls. Improved tow haulage assumes the presence of extended guidewalls as a 
structural base for the tow haulage system that extracts cuts more efficiently as well as farther 
along the extended guidewall. The potential reduction in the extraction time of the first cut with 
improved tow haulage is addressed in “Tow Haulage Equipment” which follows this section on 
extended guidewalls. 

However, improved tow haulage is not the only possible means for faster extraction of the 
first cut. Switchboats and self help are other measures that can be used in combination with 
extended guidewalls to extract the first cut faster from the lock chamber. 

The guidewall extension costs have to be included with those measures that assume the 
presence of 1,200-foot guidewalls. 

Reduction in Chamberina Time (Faster Emotvina for Downbound Lockaaes). Typically, 
the rate of emptying the chamber is reduced when an unpowered cut is waiting below the lower 
lock gates for the powered cut to be locked through. The concern over creating turbulent water 
and possibly snapping lines is eliminated if the unpowered cut is pulled to the end of the extended 
guidewall by switchboat or tow haulage for remake. The time savings is dependent on the head 
differential and location of discharge. At lower flows, when the head differentials are greatest, the 
time savings would be greatest. At higher flows, there would be little or no savings. On average, 
a savings of 0 to 2 minutes would be likely at most UMR locks. Larger time savings are possible 
at some of the IWW locks where head differences are greater. The average savings for both the 
UMR and IWW locks is 1 minute. 

Remake of Double Lockaae Tows (Outside the Lock Chamber). A time savings is 
obtained with extended guidewalls by pulling first cuts to the end of the extended wall (with tow 
haulage or additional towboat power) so that the second cut can remake with the first cut without 
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occupying the chamber (see Figure 4-7A). This alleviates the current condition at locks with 600- 
foot guidewalls where a double lockage tow is unable to exit the chamber until it has remade its 
couplings, keeping the chamber from servicing other tows. This savings is only realized for 
turnback lockages where the next tow to be serviced is going in the same direction. If the next 
lockage is an exchange, going in the opposite direction, no time is saved since the tow is blocking 
the approach during its remake along the extended guidewall. 

The potential time savings associated with moving the remake area out of the chamber was 
timed and estimated in the 1975 report on Evaluation of Operational Improvements at Lock and 
Dam No. 26, Mississippi River. This report showed a possible savings of approximately 
15 minutes for upbound tows and 13 minutes for downbound tows at Lock 26. This resulted in a 
reduction of chamber exit times for upbound tows from 26 to 11 minutes and for downbound tows 
from 2.5 to 12 minutes. 

LPMS data were used to estimate the potential time savings of moving the remake out of the 
chamber. In order to estimate the time savings, the actual exit times of the second cut (which 
includes the remake time) of double lockages were used and compared with the exit times of 
singles. Data from tumback lockages were used for these calculations, since the timing is stopped 
when the tow clears the miter gate, reducing variability associated with exchange and approach 
points. Results from an analysis of the LPMS data showed the potential time savings. Based on 
the expert elicitation and interviews with lockmasters, the exit time of singles serves as a close 
approximation of the exit time of the exit of the powered second cut of double lockages if the first 
cut has been removed a sufficient distance from the chamber. Using the 1990 LPMS data for the 
UMR and IWW locks and the formula below, average time savings of 16 minutes for upbound 
tows and 18 minutes for downbound tows were calculated. This savings represents a reduction in 
the existing tow exit time for the second cuts from 22 and 24 minutes to about 6 minutes, 
respectively, for upbound and downbound tows. 

Time Savings = Existing Exit Time of 2nd - Exit of Single 
Cut (including remake) 

The new remake time changes by lock site are shown in Table 4-30: Cost and Performance of 
Extended Guidewalls-Remake Time Improvement, from which the time savings are determined 
for normal flows. 

The estimated time savings in remake time for double cut tows remaking along an extended 
guidewall is supported by field data collected from February 27 to March 14, 1995. During this 
time period, a switchboat was used to pull cuts along the 1,200-foot guidewalls at Melvin Price 
Locks and Dam near Alton, Illinois, on the UMR during a closure of the main 1,200-foot lock. 
The 1,500-horsepower switchboat pulled the first cut of double lockages from the 600-foot 
auxiliary lock chamber to the end of its 1,200-foot guidewalls. The switchboat held the cut at the 
guidewall until the second powered cut exited the lock chamber and remade with the first cut 
along the 1,200-foot guidewall, outside the lock chamber. During this period, timing data were 
obtained for 42 double lockages (see Table 4-27, Melvin Price Locks and Dam Timing Data). The 
timing data obtained for 32 of these double lockages (when the lock gate was recessed and the 
powered cut started its exit from the chamber to when the tow stem was over the gate sill) 
averaged 5.50 minutes or 5:30 (minutes, seconds), The close approximation of the powered cut 
exit time to that of a powered single is significant and supports the contention that the “Savings in 
Remake Time” with extended guidewalls is equal to the “Existing Exit Time of Second Cut” 
(including rem a e minus the “Exit of a Single Tow.” k ) 
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Reconficluration of Setover and Knockout Sinales. In addition to the saving to double lockage 
tows highlighted above, guidewall extensions provide some savings potential to setover and 
knockout single tows. This savings is provided by allowing the tow types to reconfigure into a 
600-foot arrangement on the guidewall rather than in the lock chamber. Table 4-39 highlights the 
site specific exit benefits that average 23 minutes for setovers and 7.5 minutes for knockouts. In 
some cases, these benefits could be doubled if the tows could reconfigure prior to entering the 
chamber as well. However, the impact of these savings is limited due to the relatively small 
number of tows in this category and the fact that in some cases the lock would be available prior to 
the completion of the reconfiguration. 

Conditions Affecting Implementation. The condition affecting the implementation of upstream 
and downstream guidewall extensions at a lock site is, in fact, the resulting impact that the 
extensions impose at that lock site. For example, if an extension makes the tow approach/exit 
unsafe or severely impacts the flow conditions above or below the dam, the extension is not 
recommended. Lockmaster input was solicited on the applicability of guidewall extensions at 
specific lock sites. 

Guidewall extensions are applicable to the UMR lock sites with the following exceptions: 

Lock 15. The upper guidewall extension would consist of two guide cells above the existing 
guidewall to provide a pivot point to assist tows on their downbound approach to the lock located 
on the inside of a bend in the river channel. 

Lock 19. A 1,200-foot lock. Extended guidewalls are not needed for remaking tows that 
pass as a single lockage, nor does the orientation of the lock to the approach accommodate 1,200- 
foot guidewalls. The upper guidewall extension would be either a lOO-foot extension on the 
riverside lockwall or a 500-foot extension angled landward from the landside lockwall. Either 
helps to direct downbound tows into the lock. A model study recommends a ported upstream 
guardwall at this lock. For the lower approach, a 600-foot extension of the riverward lockwall will 
protect upbound tows from the dam outflow. 

Melvin Price Locks. Both the main 1,200-foot lock and the auxiliary 600-foot lock have 
1,200-foot guidewalls. 

Guidewall extensions are applicable to IWW locks with the following exceptions and/or notations: 

Lockport Lock. The upper approach wall is a long (longer than 1,200 feet) curved concrete 
wall with tie-off posts. A straight extension is not practical as the extension restricts the flow area 
and is a potential hazard to navigation. A straight extension of the lower guidewall, also slightly 
curved, is not recommended because the extension impedes the flow area below the dam to a 
width of approximately 150 feet and is a potential navigation hazard. Even if feasible, guidewall 
extensions would be of limited benefit due to the few tumback lockages experienced at this site. 

Brandon Road Lock. Extending the upstream guidewall may require widening the existing 
guidewall, which is only 4 feet wide, especially if tow haulage is added. Extension of the 
downstream guidewall could worsen the hard push entrance into the lock if the narrow channel is 
not widened. Extensions would be on opposite side lockwalls that could cause operational 
problems with lock personnel assistance to deckhands. 
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Dresden Island Lock. A lower guidewall extension is not recommended because the 
extension may adversely impact a downbound tow’s exit turn and approach to the narrow channel 
span of the Elgin, Joliet & Eastern Railway bridge just downstream of the lock. 

Marseilles Lock. The existing lock/channel orientation requires extension of opposite side 
guidewalls: the existing upstream riverward guidewall and the existing downstream landward 
guidewall. 

Starved Rock Lock. A downstream extension is possible but may be better suited to two 
guide cells. Cells assist with alignment into the lock chamber and perhaps lessen the impact from 
the dam outflow that tends to pin tows along the existing downstream guidewall. Cells also 
accommodate landside drainage. 

Costs. Various factors affect the costs of guidewall extensions, including: (1) the existing 
conditions (existing guidewall lengths and required extension lengths); (2) type of wall, guidewall 
or guardwall; (3) wall design details for rock or sand foundations; and (4) impacts to navigation. 
These factors are discussed below. 

(1) Existinq Conditions. Tables 4-28 and 4-29 list the sites under study for small scale 
measures to include extended guidewalls. The existing guidewall lengths are shown, as well as the 
additional length needed to give an effective guidewall length of 1,200 feet. The effective length 
is the riverward projection of the wall or the actual length of wall extending from the end of the 
lock riverward wall. 

(2) Guidewall Versus Guardwall. While the tables below refer to the needed guidewall 
extension lengths to make 1,200-foot guidewalls, a 1,200-foot guardwall will also allow double 
cuts to remake outside the lock chamber. Guidewalls and guardwalls are similar in both design 
and in function and mainly differ in location. While a guidewall is an extension of the lock 
chamber landside wall, a guardwall is an extension of the lock chamber riverside wall. Therefore, 
a guardwall is a wall structure located on the riverside of the approach channel. Upstream 
guardwalls are constructed with openings below the waterline. These openings allow water to 
flow from the approach channel out through the wall openings toward the dam gates. This flow 
(outdraft) tends to pull a downbound vessel against the guardwall, helping to align the vessel for 
entry into the lock. A guardwall also helps to prevent tows or breakaway barges from approaching 
the dam gates. There is some incremental benefit to safety and approach time with a 1,200-foot 
guardwall above the lock versus a 1,200-foot guidewall. The reduction in approach time with a 
guardwall is addressed in the “Approach Channel Improvements” section of this report. 

In general, because a guardwall can trap debris and ice above the lock, many lockmasters feel 
the benefits of 1,200-foot guidewalls outweigh the benefits of guardwalls. The extra cost of a 
1,200-foot guardwall versus the cost of a 600-foot guidewall extension must be incrementally 
justified by the additional benefits from a guardwall. A 1,200-foot guardwall or a guidewall 
extended to 1,200 feet both provide the same opportunity to extract the first cut of a double 
lockage faster with tow haulage or additional towboat power. Also, both provide the opportunity 
for double cuts to remake along the 1,200-foot wall, leaving the lock chamber free for the next 
tumback approach. Both provide these opportunities, but the extended guidewall is the least cost 
option and is used in the cost and performance analysis of moving the remake area outside the lock 
chamber. 

For continuity, the design concept and design details, similar for both the guidewall extension 
and a guardwall, are discussed together in the following paragraphs. 
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TABLE 4-28: PROJECT LOCATIONS AND EXISTING\EXTENDED GUIDEWALL LENGTHS 
UPPER MISSISSIPPI RIVER 

Lock 
River 
Mile Location 

11 583.0 Dubuque, IA 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

24 

25 

Mel Price 

Aux. Lock 

27 Aux.Lock 

556.7 Bellevue, IA 

522.5 F&on, IL 

493.3 Le Claire, IA 

482.9 Rock Island, IL 

457.2 Muscatine, IA 

437.1 New Boston, IL 

410.5 Gladstone, IL 

364.0 Keokuk, IA 

343.2 Canton, MO 

324.9 Quincy, IL 

301.2 Saverton, MO 

273.4 Clarksville, MO 

241.5 Cap au Gris, MO 

200.8 Alton, IL 

185.5 Granite City, IL 600 

Length of Existing Guidewall 

Upper (W 

510 
.626 @ skew 

517 

517 

517 

490 

517 

517 

517 

0 

517 

517 

517 

518 

512 

1200 

Lower (ft) 

500 

500 

500 

500 

718 

500 

500 

500 

480 @ skew 

500 

500 

500 

516 

516 

1200 

600 Main 
Lockwall 

Guidewall Extension 
Required 

Upper (fi) Lower (ft) 

690 700 

683 700 

683 700 

683 700 

CELLS 482 

683 700 

683 700 

683 700 

NA NA 

683 700 

683 700 

683 700 

682 684 

688 684 

NA NA 

600 1200 
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Lock 

Lockport 

Brandon Rd 

Dresden Is 

Marseilles 

Starved 
Rock 

Peoria 157.7 Peoria, IL 

La Grange 80.2 Versailles, IL 

TABLE 4-29: PROJECT LOCATIONS AND EXISTING\EXTENDED GUIDEWALL 

River 
Mile 

291 .o Lockport, IL 

286.0 Joliet, IL 

271.5 Morris, IL 

244.6 Marseilles, IL 

231.0 Ottawa. IL 

Location 

LENGTHS-ILLINOIS WATERWAY 

Length of Existing Guidewall 

Upper (ft) Lower (ft) 

1000 444 

598 594 

578 594 

600 597 

598 594 

500 500 

625 550 

Guidewall Extensions 

Upper (fit) Lower (fl 

NA 

602 

622 

600 

602 

700 

575 

NR 

606 

NA 

603 

606 or 

Cells 

700 

650 

(3) Desictn Details. Two guidewall/guardwall concept designs were developed. One design 
was based on a rock foundation and the other on a pile foundation driven in sand. These designs 
are significantly less expensive than the “traditional” wall designs that use a mass concrete gravity 
wall design for the entire length of the wall. Here, precast concrete beams are utilized to span 
between sheet pile cells to create the walls. Although further design refinement is possible, 
investigations to date indicated that basic stability requirements will limit the amount of additional 
material and cost savings in subsequent design phases. 

GuidewalllGuardwall Concept for Rock Foundations. The concept for the rock- 
founded guardwall is adapted from the sand-founded guidewall concept described below and from 
a pile-founded guidewall design paper submitted at the 1995 Corps of Engineers Structural 
Engineering Conference. As discussed before, the primary difference between the guardwall and 
guidewall depends on the location of the wall. Usually the guardwall is placed on the riverside to 
prevent the tows from being drawn into the dam. The design is for the system navigation study, 
but quantity calculations were made based on site-specific elevations for the individual lock sites 
under study. The conceptual design for the rock-founded guidewall is shown on plate 28. 

For the downstream guidewall extension, the substructure is comprised of 35.5-foot-diameter 
sheet pile cells spaced at a distance of 100 feet and founded on limestone. The cells derive their 
overturning stability from the cell diameter and mass. The bottom of the cell will be filled with 
tremie concrete to assist in stability and provide a seal to prevent the leakage of the concrete fill. 
Above the tremie seal, the sheet pile cells will be concrete filled. Precast concrete beams will span 
between cells, forming a wall. The beams can be formed from abrasion-resistant concrete and will 
also be armored for additional abrasion resistance. Inside the cell at the chamber side edge of the 
cell, concrete will be placed for the full height of the cell for support of the precast beams. The 
cell will be provided with a reinforced concrete cap to aid in cell structural integrity and stability. 
Manholes will be built into the concrete cap for inspection purposes and as an access for replacing 
fill material if required. 

At least two prestressed concrete box beams will span between the sheet pile cells. Concrete 
columns will provide support between the beams. A wearing surface for the top of the beams can 
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be constructed or placed using precast sections or cast-in-place concrete. Handrails, checkposts 
and lights will be added to complete the guidewall. 

A steel skirt will be provided to the upstream guardwalls to block off flow from the water line 
to a minimum depth of 11 .O feet. This skirt will reduce the volume and velocity of the water going 
through the guardwall, preventing tows from becoming “pinned” on the wall during lock entry and 
exit. A sheet pile wall will block the flow between the cells entirely for landside guidewalls. The 
steel skirt of the guardwall utilizes a braced, half-inch steel plate to reduce the amount of water 
flow through the sheet pile cell openings. The guidewall is located landside and utilizes braced 
sheet piling as a soil retaining wall or water flow cutoff depending on if the wall is used as a soil 
retaining wall. The preliminary design for the anchored soil retaining wall uses a PZ40 sheet pile 
and the water flow cutoff wall uses a PZ35 sheet pile. 

A 54.29-foot-diameter cell will be constructed at the end of the guidewall to resist collisions 
from tows. The cells will be entirely filled with concrete to increase the mass of the cell for 
improved impact resistance. The beam and panel system will be continued to this end cell. A 
1.75-inch-thick steel plate will wrap 180 degrees around the end cell to protect the sheets from 
impact. 

For the upstream guidewall extension, “steel cans” are used at greater spacing, incorporating 
larger cans for intermittent protection during the navigation season. This allows the upper 
extension to be constructed over three or four winter lock closure periods, eliminating impacts to 
navigation. 

Guidewall Concept for Sand Foundations. The following text briefly describes the 
guidewall concept used for sand/pile-founded foundations. The concept was adapted from the 
guidewalls used at Melvin Price Locks and Dam and is also adaptable to a guardwall on a 
sand/pile-founded foundation. The guidewall concept for sand foundations is shown on plate 29 
that is adaptable to a 1,200-foot guardwall design. Plate 30 shows a design concept for a rock- 
founded 1,200-foot guardwall. 

For the downstream guidewall design, the superstructure is composed of precast concrete 
beams that span approximately 80 feet between bearing points. The beams are stacked vertically 
like bulkheads, but will transfer their weight only to the bearing points and not along the length of 
the previously placed beam, Keyways will transfer lateral load between beams. The beams are 
armored to resist abrasion and impact. 

The substructure or bearing is composed of the precast concrete bearing block that is 
supported by two high capacity, cast-in-place concrete piles each with an approximate diameter of 
42 inches. Both the bearing block and the piles can be increased in size if required by more 
detailed analysis. The piles will be permanently cased with %-inch steel pipe. More detailed 
analysis could reduce or eliminate the length of casing required, resulting in a possible cost 
savings. The bearing blocks are precast concrete shells that are lowered onto the completed 
concrete piles, leveled, and filled with tremie concrete. They will be outfitted with pre-attached 
bearing devices (not designed at this level of investigation) that can be adjusted by divers to level 
the bearing surface. Each bearing point, 100 feet center to center, is backed up by a 35-foot- 
diameter sheet pile cell that is filled with crushed stone and capped with a ring of reinforced 
concrete. The ring will reinforce the top of the cell against impact and keep the middle of the cell 
open for visual inspection for settlement of fill material. The cell will be designed to resist the 
lateral load from barge impact. For this concept, it was sized with reference to similar cells 
already constructed. There will be a gap between the completed cell and the vertical surface of the 
stack of guidewall beams that will be filled with concrete or grout. A method of forming this area 
to receive concrete is to use a bladder (reinforced fabric bag) that will conform to the irregularly 
shaped gap. The bladder and concrete will be lodged in place by blocks welded to certain sheet 
piles and by deformations formed into the backside of the concrete beams. The bladder will 
remain in place. Alternatively, the connection can by formed by pneumatic forms that will also 
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conform to the irregular configuration of the connection. They will function more like 
conventional formwork in that they will form the perimeter of the gap and be removed once the 
concrete has achieved sufficient strength. 

To achieve more energy absorbing characteristics (flexible guidewall), the gap between the 
cell and the stack of beams could be closed by marine fenders that will deform upon impact. The 
deformations can be large with heavy impact loads. Many fender geometries are available that 
could be mounted to adjustable steel framework that in turn would be mounted to the sheet pile 
cell. The large deflection of the fenders will induce moments into the concrete bearing piles that 
must be considered in a detailed analysis. 

The top guidewall beam will have a tension strap connection to the reinforced concrete ring 
on the top of the cell to resist the possible rebounding effect that the stack of beams could 
experience upon heavy barge impact. In order for the rebound-restraining device to work for the 
entire stack of beams, post-tensioning rods will be installed vertically through the ends on the 
beams and anchor into the bearing seat. A more detailed analysis of the internal stability of the 
stack of guidewall beams could eliminate both the tension strap and the post-tensioning anchors. 

The end cell of the guidewall is approximately 57 feet in diameter and is filled with concrete 
and founded on H-piles. The cell will be designed to resist impact from a fully loaded 1 Sbarge 
tow. The cell will be notched during construction at the bearing seat in order to receive the stack 
of guidewall beams. 

The upstream guidewall extension incorporates a greater number of larger cells. These cells 
provide intermittent protection during the navigation season. This allows the upper extension to 
be constructed over three or four winter lock closure periods, thus eliminating impacts to 
navigation during construction of the wall extension. 

Extended Guidewall Costs. Cost estimates were prepared for extending the existing 
landside guidewalls at each of the lock sites. These estimates are based on the guidewall designs 
for rock or pile-founded foundations as shown on plates 28 and 29. The estimates reflect rock- 
founded conditions at Locks 14, 15,20,22,24 and 27 in the UMR and the IWW locks except 
Peoria and La Grange. Unit prices are similar to those used for the guidewall construction cost 
estimates for the extension of the existing lock (Reference: Large Scale Measures ofReducing 
Traffic Congestion, Conceptual Lock Designs, Interim Report, July 1996). Estimates include a 
construction contingency of 25 percent. The average cost for the guidewall extensions (both 
upstream and downstream together) for a UMR pile-founded sand foundation lock site is about 
$37 million. The average first cost for rock foundation lock sites on the UMR (both upstream and 
downstream together) is about $33 million. The average cost for all applicable IWW sites (both 
upstream and downstream) is $23 million. Table 4-30 “Cost and Performance of Extended 
Guidewalls - Remake Time Improvement” shows costs for specific lock sites. In addition to the 
first cost, annual maintenance is estimated at $30,000 per guidewall or $60,000 per lock. 
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US = upstream, DS = downstream, NA = not applicable, NR = not recommended, NC = no change 
NOTES 

1 The envtronomental tmpacts are not Included in the costs since they are yet to be quantified. However, they make up a potentially 

important component of the cost (impacts) s&a The cost for towboat power or tow haulage must be added for extracting the first cut to the 
end of the extended gwdewall. 

2. These costs are for switch boats, helper boats and temporary remote remake areas Also included are economic Impacts to the 

navigabon Industry (i e.. delays and closures) that are shown on construction timelines at Appendix D 
3 A lower guidewall extension IS infeasible as a stand-alone improvment measure at Lock 17 Channel work would also be required for 
tow access to the extended wall. The channel work cost IS included. 
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(4) ImDacts to Navination Durina Construction of Extended Guidewalls. Under this 
small scale measure, the upstream and downstream guidewalls at an existing lock would be 
extended to 1,200 feet to reduce congestion at the lock. While efforts were taken to minimize lock 
closures and delays, construction activities would likely have some adverse impact on navigation 
during construction. However, to the extent possible, construction activities are planned to occur 
during the 90-day winter closure (15 December to 15 March) when only limited amounts of traffic 
use the system. 

The upstream guidewall extensions were originally assumed to require some significant 
periods of lock closure during the navigation season due to the time requirements for constructing 
a 600-foot wall extension. On reevaluation, an alternative was developed to stage construction 
over three to four winters. This would be accomplished by constructing 150- to 200-foot segments 
during the winter closure, starting from the end of the existing guidewall. An adequately sized cell 
would be constructed on the upstream end of the segment so that regular vessels could use the 
extended wall during the navigation season until the following winter when construction could 
resume. Some increased level of risk is involved with winter construction, and the potential for 
ice conditions to adversely impact construction is a possibility. 

The construction of the downstream guidewall extension can occur more easily during the 
winter, since ice conditions are less severe in the lower pool. As planned for the upstream wall, 
the lock would be completely closed from 15 December to 15 March to complete the work. Crews 
would work two lo-hour shifts/day for 6 days per week. Inclement weather delays were also 
included. 

Construction of extended guidewalls would involve work lasting 2 years for downstream 
guidewalls and 3 to 4 years for upstream guidewalls. The construction contracts would be at least 
one year longer to allow for planning, submittals, equipment procurements, template construction, 
ordering of precast beams and steel sheet piles, and adjustment time for the towing industry. 

A construction schedule was developed that shows critical path activities that cause impacts 
(delays to navigation). The construction durations assume that for each wall one sheet pile driving 
floating plant is available and a separate floating plant would fill sheet pile cells and otherwise 
construct the cells. A floating plant with an H-pile driver would be used for two end cells. 

Relationship to Other Small Scale Measures. Extended guidewalls relate to many other small 
scale measures for reducing the lock transit time of commercial traffic. Extended guidewalls 
alone allow for a safer lock approach and reduce the lock approach time, as detailed in the 
“Approach Channel Improvements” section of this report. Extended guidewalls, together with 
dike fields or other outdraft reducing measures above a lock, further reduce the lock downbound 
approach time. The lock chamber turnback time is faster for a turnback exit lockage with 
extended guidewalls if tow haulage or additional towboat power (switchboats or industry linehaul 
boats) is available to extract the first cut to the end of the extended guidewall. Unpowered kevels 
with extended guidewalls also allow for a quicker tumback of the chamber for a tumback exit 
lockage. 

Conclusions/Summarv. Extended guidewalls appear to be one of the most effective small scale 
measures for reducing lock transit time, especially when combined with other small scale 
measures as discussed above. Table 4-30 summarizes the costs and new remake times by lock 
site. The revised standard deviation is proportional to the ratio of the new mean remake time to 
the existing mean remake time. 

DeLonq Piers IAn Alternative). DeLong Piers can be used as a temporary guidewall extension at 
a lesser first cost (Table 4-6B) than the traditional construction costs for guidewall extensions 
shown in Table 4-30. The structural integrity of DeLong Piers, however, limits their use as a 
potential time saver to combinations with switchboats or other towboat power options. The piers 
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also require higher levels of maintenance while potentially reducing safety and reliability. See the 
section on Switchboats with Guidewall Extensions for a description and costs of DeLong Piers. 

Tow Haulage Equipment 

Tow haulage equipment is the name given to any number of mechanical devices used to pull 
unpowered cuts of barges from the lock chamber. These devices transfer force from some land- 
based power source to the unpowered barges through a mechanical connection. The most 
common of these devices is a single line cable winch, which is presently used at the UMR-IWW 
lock sites. An improvement in tow haulage equipment for extracting first cuts of double lockage 
tows requires extended guidewalls plus new tow haulage equipment of one of several alternative 
designs. This combination removes the first cut more efficiently and farther from the lock 
chamber, reducing lock chambering time during tow remake. Two measures for improving the 
current tow haulage operation were evaluated: Powered Traveling Kevel and Endless Cable. 

Unpowered Kevels are added as outgrowth of discussions on Tow Haulage Equipment and 
Extended Guidewalls and are evaluated later in this section. 

. Powered Traveling Kevel 

Descriotion of Measure. A kevel is a heavy metal deck fitting having two horn-shaped arms 
projecting outward around which lines may be made fast for towing or mooring a vessel. A 
powered traveling kevel is a rail-mounted kevel that provides power to extract the unpowered cut 
of barges from the lock. The current winch system and length of cable are eliminated. A 
lengthened guidewall with a powered kevel on rail allows the unpowered cut to be pulled a greater 
distance from the lock chamber. An unpowered kevel riding the same rail ahead of the powered 
kevel would hold the head of the unpowered cut along the extended guidewall as the cut moves 
down the wall. 

. Endless Cable 

Description of Measure. Endless cable systems extract unpowered cuts from the lock chamber 
by attaching the unpowered cut of barges to a fitting on the cable. This continuous cable is already 
in place and is powered to remove the cut, Endless cable systems eliminate the need to haul the 
cable off the drum in the current tow haulage systems. The unpowered cut is therefore removed 
more efficiently. An endless cable system would have greater benefit if combined with a 
guidewall extension to allow the powered cut to remake with the unpowered cut outside the lock 
chamber. 

Backaround. The 1995 interim report, Improved Tow Haulage Equipment, assessed the technical 
feasibility of improvements to tow haulage equipment, including the use ofpowered traveling 
kevels and endless cable systems, and the resulting impacts to transit times in the locking process 
on the UMR and IWW. This effort included visiting other locks to observe various types of 
existing and improved tow haulage systems, collecting timing data, developing alternative 
configurations for the tow haulage, and evaluating these configurations with respect to locks 
within the study area. For this interim report, it was assumed that guidewalls would be extended 
to 1,200 feet and would be designed to serve as the foundation for a chosen tow haulage 
configuration. The findings from this interim report and other work on improved tow haulage 
equipment are presented here. 

Current tow haulage equipment on the UMR and IWW generally were not designed for the 
efficient regular handling of unpowered cuts of river barges. The existing system consists of a 
single line winch, one each, located just above the upstream miter gate recess and just below the 
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lower miter gate recess. Once the first (unpowered) cut of the tow has been brought to the new 
pool level, the cable from the winch is passed to a deckhand on the cut. The deckhand secures the 
cable to a deck fitting near the stern of the first barge or the bow of the second barge in the cut. 
After the line is snugged, the winch is brought up to speed (generally about 50 feet per minute). 
The winch, in effect, whips the cut out of the lock chamber. This is due to the fact that once the 
point of connection passes the winch station, the winch can no longer exert a pulling force on the 
cut. Normally, the momentum of the cut of barges is sufficient to cause the entire cut to drift out 
of the lock chamber. Most of the winches in operation on the inland waterway system are rated at 
a top speed of 100 fpm. In practice, they are operated at a speed of 50 fpm because of safety 
concerns and the inability of the system to apply a restraining force to the barges. 

Most 600-foot chamber lock sites in the study area have an unpowered traveling kevel on the 
upper guidewall. This kevel is mounted on a rail on the top of the guidewall and holds the head of 
the unpowered cut close to the guidewall while the cut is being extracted from the chamber. This 
counteracts the effect of outdraft which is prevalent at many lock sites. Outdraft is the current 
along the upstream guidewall that tends to pull a towboat or cut of barges away from the guidewall 
and towards the dam. The greater the amount of water flowing through the dam, the greater the 
outdraft will be. The 600-foot chambers in the study area that do not have an unpowered kevel on 
the upper guidewall include the auxiliary locks at Locks and Dams 26 and 27 on the UMR and the 
locks at Lockport, Brandon Road and Marseilles on the IWW. Dresden Island Lock has an 
unpowered kevel on the lower guidewall as well as the upper guidewall. 

Tow Haulaae Confiaurations Analvzed. To investigate alternative tow haulage systems, lock 
and dam sites were visited within the Ohio and Lower Mississippi River Divisions. These lock 
sites included Pickwick Locks and Kentucky Lock on the Tennessee River, David D. Terry Lock 
on the Arkansas River, Locks 7 and 4 on the Allegheny River, Montgomery Locks on the Ohio 
River, and Barkley Lock on the Cumberland River. These sites incorporate differing tow haulage 
configurations (kevel and rail layout) and either the endless cable or the pull/retard systems to 
power the kevel. Operations personnel were satisfied with the system in use at their particular 
lock site. However, these power systems have distinct differences in their makeup as will be 
discussed later. 

Several possible tow haulage configurations could apply to the “standard lock” which has a 
600-foot chamber and 1,200-foot guidewalls (existing guidewalls extended) on each end. The 
entire length of available wall is therefore 3,000 feet. The location of the guidewalls (riverside or 
landside) is assumed to have no impact on the cost of the tow haulage. The cost of the guidewall 
extensions, however, is impacted by location and will be addressed later in this report. 

The powered traveling kevel extracts the unpowered cut in either direction using a rail- 
mounted device (kevel) that is powered by a winch and a cable system. This system is the most 
common one in use in the United States on locks that require multiple cut extractions. 

Four configurations of tow haulage were studied and are identified below. For reference, 
they were named for the hundreds of feet that they cover. They are: 

CONFIGURATION I “12-6-12” 
CONFIGURATION II “12-18” 
CONFIGURATION III “30” 
CONFIGURATION IV “ 12-N- 12” 

(“N” = utilization of the existing tow haulage system within the lock chamber) 
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Confiauration I “12-6-12.” In this configuration, two kevels (one unpowered and one 
powered) travel the downstream guidewall (one to keep the head checked in and the other to 
power the cut down the wall). One powered kevel travels the length of the lock chamber for the 
initial pull, Two more travel the upstream guidewall (one to keep the head checked in and the 
other to power the cut down the wall). 

I 1200’ 400’ 1200’ 
L I I I 

Confiauration II “12-18.” In this configuration, two kevels (one unpowered and one 
powered) travel the downstream guidewall (one to keep the head checked in and the other to 
power the cut down the wall). Two more kevels travel the length of the chamber and the upstream 
guidewall (one to keep the head checked in and the other to power the cut down the wall). 

1200’ 1800’ 
J L J I 

Configuration Ill “30.” In this configuration, two kevels (one unpowered and one powered) 
travel the entire 3,000-foot length of the chamber and guidewalls combined (one to keep the head 
checked in and the other to power the cut down the wall). 

I 
3000’ 

I 
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Confiauration IV “12-N-12.” In this configuration, two kevels (one unpowered and one 
powered) travel the downstream guidewall (one to keep the head checked in and the other to 
power the cut down the wall). The initial pull from the chamber comes from the existing tow 
haulage winches with their long lengths of cable. Two more kevels travel the upstream guidewall 
(one to keep the head checked in and the other to power the cut down the wall). 

1 
1200’ Existing 1200’ 

I Cable I I 

Selected Tow Haulane Confiquration. The “12-18” and “30” configurations were 
eliminated for the following reasons: 

1. In both of these configurations, the rail/cable crosses the miter gate so that when open, 
the traveling kevel can traverse the gate recess. The rail on the miter gates would be 
exposed to damage from barge traffic, which on occasion hits the gates. Damage to the rail 
along the gate would put the tow haulage system out of service and could result in some 
delay and require self help to be implemented. 

2. The process of raising and lowering the cable that spans the gate recess poses a safety 
concern as well as some duration of time. 

3. There is a safety concern created by the raising of the cable as the process of raising the 
cable generates slack in the cable. This “slack” can cause backlash, excessive cable wear, 
and potential breakage when the haulage unit is engaged. 

4. The long length of the cable in these two configurations would require an extremely 
large drum, even for the pull-retard system, which can use a multiple layer drum. If the 
drum and winches could not be recessed in the wall, the drum would cause a view 
obstruction for the lock operating staff. 

5. The “30” configuration does not accommodate a change in wall elevation (lower 
guidewall) which occurs at some locations. 

6. If there were a failure in a component of the tow haulage of these two configurations, 
double lockages would be very difficult or not possible at all unless self help were 
implemented. 

The “12-6- 12” and “12-N- 12” tow haulage configurations were selected as configurations for the 
Navigation Study because: 

1. Both configurations provide a “backup” system for double lockages. If the chamber tow 
haulage unit fails, the guidewall tow haulage unit could still extract the unpowered cut from 
the chamber. 

2. Both do not cross the miter gates, preventing otherwise possible damage to the tow 
haulage rail from barge traffic hits to the miter gates. 
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3. Both accommodate changes in wall elevation. 

4. Both minimize the drum size, however, these configurations are more expensive since 
they require more tow haulage units; but the benefits of system redundancy, safety, and 
minimizing shutdowns due to barge damage should outweigh the cost differential. 

Power Units for the Travelinq Kevel. Four types of units for powering the kevel were evaluated: 
1) endless cable system, 2) pull/retard winch and cable system, 3) traction power system, and 
4) cog rail system. 

(1) Endless Cable Svstem. The endless cable system in this context is a single drum 
system that utilizes double lines. This type of system, as seen at Pickwick, Kentucky and Barkley 
Locks, uses a single wrap on the drum that takes up from one end while it pays out the other end. 
This system requires a tension device to keep slack out of the cable when it is under a load or 
pressure rollers on the drum, as seen at Barkley Lock, to align the cable into the drum grooves as 
the drum takes up cable. The advantage of this system is the need to use only one winch for an 
entire length of tow haulage rail. The disadvantage is the size of that winch; the 1,000 feet of 
traveling kevel rail at Pickwick Locks required an &foot-diameter winch (because the cable can 
only have one layer on the drum). At Barkley Lock, 800 feet of traveling kevel rail required a 
nominal drum diameter of 5 feet and 6 feet in length. The endless cable system also requires 
additional space for the cable to be returned to the winch. Unless the cable feed and return 
configuration (horizontal or vertical) can be recessed into the lock/guidewalls, it will take up 
additional space along the top of the walls. This will present a problem at many of the lock sites 
in the study area where the top of the guidewall is 5 feet wide. However, the cable feed and return 
at Barkley Lock was only about 20 inches in separation. This could probably be accommodated 
within the existing guidewall, requiring additional setback/relocation of existing check posts, 
handrail, and lights. Of more concern would be the location of the winch drum that could require 
modification of the lockwalls. 

(2) Pull/Retard Winch and Cable System. This system was in use at the Pittsburgh 
District locks visited: Locks 7 and 4 on the Allegheny River and Montgomery Locks on the Ohio 
River. This type of power system utilizes a multiple-layer winch on each end of a section of rail. 
One winch pulls against the other at a reduced torque to maintain a constant tension in the line and 
prevent slack cable from occurring in the system. The winches can be used in either direction by 
using a joystick control to reverse the pull/retard duties. The advantages of this system are that it 
can use smaller winch drums because of the multiple layers of wire that can be put on the drum, 
and that it has a positive slack reduction method that helps prevent backlash, improper winding, 
excessive wear, and cable breakage. This system has a display board to show the operating speed 
of the winch. It is a proven, reliable method for power transfer to a traveling kevel. A 
disadvantage of this system is the need to maintain two winches (instead of one as for the endless 
cable system). 

(3) Traction Power Svstem. This type of motive force would require the kevel to have 
its own power unit attached. It could pull the unpowered cut by using rubber tires to drive the 
kevel along the rail. The advantage of this system is the elimination of long cable runs, cable 
tension problems, and cable maintenance. The disadvantages include the fact that this is an 
unproven application for this type of technology, the need for guidewall space for the tires (rubber 
or steel) to grip the concrete, the weight requirements to provide traction friction, and the remote 
control mechanism that could be required to operate the device. 
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(4) Coa Rail Svstem. This system would consist of a kevel with its own power unit 
attached. The power would pull the unpowered cut along a notched rail by using cogs to transfer 
the load to the rail and guidewall. The advantage of this system is that it does not require a 
traction force like the tire system. The disadvantages include the expense of a special cogged rail, 
the redesign of the kevel for use on the new rail, and that it is an unproven application of this 
technology. 

Selected Power Unit for the Traveling Kevel. The Traction Power and Cog Rail systems were 
eliminated for the primary reason that both are unproven applications of the technology at a lock 
and dam facility. For the Navigation Study, a proven, reliable system was desired that would 
impart a high degree of confidence in both performance and associated cost. 

The Pull/Retard and Endless Cable systems were both determined to be acceptable for the 
following reasons: 

1. Both use proven technology for operation as demonstrated and observed at the various 
lock site visits. 

2. Both have safety and operational benefits over the present single winch with cable 
system. 

3. Both require minimal space along the wall. Many existing guidewalls as well as the 
chosen guidewall extension design have a 5-foot top width. 

4. Identifiable less cost. 

For Navigation Study purposes, the Pull/Retard system was deemed more desirable because: 

1. Smaller winch drums are required, allowing continued unobstructed visibility at the lock 
sites. 

2. The system has a slack prevention design that should minimize cable breakage. 

3. The single run of cable minimizes space requirements on top of walls. A cable return 
could require another 18 inches of adjacent space. 

The above reasons alone should not eliminate the Endless Cable system from reconsideration 
during site-specific feasibility studies. Cost trade-offs (two smaller winches versus one larger 
winch; one cable run versus a double run; perhaps more maintenance needed for two winches 
versus one, etc.) may give comparable cost estimates, assuming that the larger, single winch and 
its structural foundation could be reasonably incorporated into the existing lock/guidewall 
structures and extended guidewall structures. For instance, the single drum winch for the 800-foot 
Barkley Lock has a spread footing 16 feet by 14 feet by 4 feet deep located 40 feet perpendicular 
to the lockwall, and such a similar support foundation could be integrated into one of the 
supporting sheet pile cells for the extended guidewall design concept. 
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Delav Reduction MethodolocWTime Savinas Estimates. Four reference sources were used in 
evaluating the potential time savings for improved tow haulage equipment (powered kevel): the 
Improved Tow Haulage Equipment 1995 Interim Report; Evaluation of Operational Improvements 
at Locks and Dam No. 26, Mississippi River, 1975 report; 1990 LPMS data, and interviews and 
lock site visits with lockmasters and navigation industry representatives. 

The time savings associated with improved tow haulage on extended guidewalls is derived 
from the potential for reduced extraction time of the first cut of a double lockage. Extended 
guidewalls also provide a potential reduction in lock approach time and in the lock chamber 
service time by allowing the remake of a double lockage to occur outside the chamber. Here, as 
related to improved tow haulage, only the reduction in extraction time of the first cut is addressed, 
since the extraction of the first cut is directly attributable to tow haulage. However, since 
improved tow haulage assumes the presence of extended guidewalls, the guidewall extensions 
(cost and total benefits) are needed in the final analysis in conjunction with improved tow haulage 
to realize the maximum time savings benefit. 

Extraction of First Cut with ImDroved Tow Haulaae (Powered Kevels). The time savings 
related to the extraction of the first cut can be achieved with a new tow haulage system. The 
current “unpowered” kevel/rail systems in the study area can not provide any time savings in the 
physical extraction of the first cut. However, the efficiency of the first cut removal process could 
be improved by providing a barge haulage system that can travel the full length of the lock 
approach wall and can both pull the barges, as well as provide restraint to slow and stop the barges 
once out of the chamber. Figures 4-7B and 4-7C show the general benefits and savings of 
powered kevels in combination with extended guidewalls and incremental benefits of additional 
personnel. 

Table 4-3 1 shows the theoretical extraction time for the existing system operating at 50 fpm 
with a stopping distance of 400 feet. The existing system can only provide power in the extraction 
process to the point of location of the winch. At this point (400 feet from the end of the 
guidewall), the deceleration process begins. The deceleration was assumed to average 25 fpm, 
therefore taking 16 minutes. For a new tow haulage (power kevel) system operating at 100 fpm on 
1,200-foot guidewalls, the stopping zone is clear of the lock gates. 

TABLE 4-31: THEORETICAL TOW HAULAGE EXTRACTION TIMES 

Exist. 
System 

New 
System 

New 
System 

New 
System 

Speed Accel. Accel. Haul Haul stop stop Total 
(fpm) time Dist. Time Disk Time Dist. Time 

(min.) (fv (min.) (fi) (min.) (W (min.) 

50 1 25 5.5 275 16.0 400 22.5 

50 1 25 13.5 675 0.0 0 14.5 

100 1 50 6.5 650 0.0 0 7.5 

200 1 100 3.0 600 0.0 0 4 

Total 
Dist. 
(fi) 

700 

700 

700 

700 
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Start Approach 

“““--- 

Complete Approach 
0:22 

II 

Complete Entry 
0:14 

Ic=70( 

Lock 1 st Cut 
0:08 

Remove 1st Cut 
0:12 

Powered kevel able to extract 
cut - approx. 5 min faster 

Turnback Chamber 
0:08 

( 1 I 
Entry time delayed approx. 

Complete Entry 2nd Cut 
0:22 

14 min, due to crew moving 
out further & walking back. 

Lock 2nd Cut 
0:08 

Exit Second Cut 
0:06 

Remake occurs outside of chamber, 
allowing next tow to use lock sooner 

t 

- saving approx 18 min. 

:a0 

Total Lockage Time: I:40 

Savings with powered kevels is 5-10 minutes. However, remake/exit savings (18 minutes) only benefits 
system if next tow is traveling in same direction (turnback). 

Note: Approximate lockage time in hour:minutes. Diagram shows an exchange approach followed by a 
turnback lockaae. 

FIGURE 4-78: Double Lockage Elements - Permanent 
Guidewall Extensions with Powered Kevel 
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Start Approach 

o:oo-z 

Complete Approach 
0:22 

Complete Entry \ 
0:14 

-1I_=lO( 

Lock 1st Cut 
0:08 

Remove 1st Cut / 
Powered kevel able to extract 
cut - aoprox. 5 min faster 

0:12 
-?” 

Turnback Chamber 
0:08 

( I I 

Complete Entry 2nd Cut 
0:08 

Entry time not delayed due 
to availability of additional 
personnel. 

1 

Lock 2nd Cut 

Remake occurs outside of chamber, 

Exit Second Cut 
0:06 

allowing next tow to use lock sooner 
- saving approx 18 min. 

Total Lockage Time: I:26 

Savings with powered kevels is 20-25 minutes. However, remake/exit savings (18 minutes) only benefits 
system if next tow is traveling in same direction (turnback). 

Note: Approximate lockage time in houcminutes. Diagram shows an exchange approach followed by a 
turnback lockage. 

FIGURE 4-7C: Double Lockage Elements - Permanent Guidewall Extensions 
with Powered Kevel and Additional Personnel 
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The total time of 22.5 minutes represents the theoretical time for the existing system to 
extract a fully loaded cut of nine barges from the chamber with no braking capability. The 1990 
LPMS data show the time for extracting all first cuts with the existing system to average 
14 minutes and 17 minutes in the upstream and downstream directions, respectively, for 
Locks 11 through 25 on the Mississippi River and 13 minutes in the upstream and downstream 
directions, respectively, for Lockport Lock through La Grange Lock on the IWW. The differences 
in the above theoretical time and the LPMS times are explained by the fact that: 1) LPMS yearly 
mean time per lock includes all makeup combinations for the first cut, both in number of barges 
and number of loaded barges (cuts with less barges and/or empties take less time to extract); 2) the 
assumed extraction speed is often faster than 50 fpm (70 fpm is about the maximum); and 3) the 
stopping time of 16 minutes over 400 feet is overestimated. The LPMS times vary by lock site, 
and these actual recorded times by lock site are used in the final analysis so as not to overstate the 
potential time savings with improved tow haulage. 

The total time of 7.5 minutes from Table 4-3 1 represents the theoretical time for a new 
system (powered kevels) operating at a maximum speed of 100 fpm to extract a fully loaded cut of 
nine barges from the chamber. The 100 fpm maximum speed for a new tow haulage system was 
confirmed with lo&masters. The 12-6-12 and 12-N-12 tow haulage configurations require double 
handling of the tow line-once for the initial pull from the chamber and again for the pull down 
the guidewall. Two minutes are added for double handling of the tow line to give a total 
theoretical extraction time of 9.5 minutes with the new system. 

The theoretical extraction time of 9.5 minutes is consistent with the 1975 timing study at old 
Lock 26. Over a one-month period, the operation of a traveling kevel was simulated during an 
upper guidewall extension test by a helper boat extracting the first cuts of upbound doubles. A 
helper boat was used because the installation of a kevel for the test was not feasible. Since the 
speed at which the cuts were extracted by the helper boat was inherently faster than a kevel with 
desired performance characteristics, a mathematical model was used to derive extraction times for 
the traveling kevel. The model used a top speed of 100 fpm and a maximum line pull of 15 kips, 
similar to the characteristics of the tow haulage under current study. 

The performance characteristics of a tow haulage system (powered kevels) are determined by 
the capability to accelerate and decelerate the cut. For the old Lock 26 study, the model, with a 
kevel capable of providing the 15 kip line pull, was able to extract cuts from the chamber in 5 to 
10 minutes. The actual extraction time is dependent on the number of empty and loaded barges in 
the cut and environmental factors. The timing chart shown below, Table 4-32, was developed 
from the mathematical model and shows the average time in minutes to extract cuts of various 
numbers of empty and loaded barges. One minute was added to these estimated times for 
attaching the kevel cable to the cut. The times were rounded up to the nearest l/2 minute. 

No. 
Loaded 
Barges 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

9 

5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 

TABLE 4-32: OLD LOCK 26 STUDY 
EXTRACTION TIMES FOR FIRST CUTS OF DOUBLES 

Number of Barges in the First Cut 
8 7 6 5 4 3 2 1 

5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 

5.0 
5.5 
6.0 
6.5 
7.0 
8.0 
8.5 
9.0 
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The time shown for extracting a loaded 9-barge cut is 10 minutes. Although site-specific to old 
Lock 26, this is consistent with the 9.5 minutes for this improved tow haulage analysis. 

Time Savings. For the Navigation Study, the LPMS data show higher mean extraction times for 
downbound cuts than upbound cuts at Mississippi River Locks 11 through 25 and the IWW locks 
at Peoria and La Grange. This is because more downbound tows than upbound tows are loaded. 
Therefore, extraction times for the existing tow haulage are typically higher for downbound cuts 
because there is more mass to move with a loaded cut and there is more water resistance when cuts 
are loaded to a deeper draft. It is reasonable to assume a similar time difference with improved 
tow haulage operating at the same force in both directions. 

With a powered kevel system, the new extraction time is 9.5 minutes. Using 1990 LPMS 
data, the time savings for the extraction of the first cut of a double lockage at the lock sites can be 
given by: 

For Unbound Traffic: 

Time Savings = Exit Time of First Cut (Existing Tow Haulage) - 9.5 Minutes 

For Downbound Traffic: 

Time Savings = Exit Time of First Cut (Existing Tow Haulage) - 9.5 Minutes plus 
Exiting Time Difference 

Between DS & US Exit Times 

This retains the same incremental additional time for extracting downbound cuts as could be 
expected for even new tow haulage that operates with the same pull in either direction. While this 
over simplifies the time savings, it also understates the savings as this assumes all cuts are nine 
loaded barges. For a more in-depth analysis, the above table from the old Lock 26 study could be 
used with some degree of reliability for estimating extraction times of various first cut 
configurations. 

The time savings for extracting the first cut with a powered kevel system using the above 
equations is shown in the following Tables 4-33 and 4-34. 
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TABLE 4-33: TIME SAVINGS FOR EXTRACTING FIRST CUTS WITH A POWERED KEVEL 
UPPER MISSISSIPPI RIVER LOCKS 

Lock 

11 Upstream 
Downstrm 

12 Upstream 
Downstrm 

13 Upstream 
Downstrm 

14 Upstream 
Downstrm 

15 Upstream 
Downstrm 

16 Upstream 
Downstrm 

17 Upstream 
Downstrm 

18 Upstream 
Downstrm 

19 Upstream 
Downstrm 

20 Upstream 
Downstrm 

21 Upstream 
Downstrm 

22 Upstream 
Downstrm 

24 Upstream 
Downstrm 

25 Upstream 
Downstrm 

M.P. Upstream 
Downstrm 

27 Upstream 
Downstrm 

Existing Tow Haulage 
Mean (min) Std Dev (min) 

16.7 16.3 
17.5 4.5 
12.2 3.8 
16.0 3.7 
13.1 4.6 
15.6 4.3 
14.2 4.3 
15.1 4.1 
15.4 25.9 
12.9 2.6 
14.4 4.9 
16.0 5.1 
15.1 5.1 
19.5 4.7 
14.3 4.9 
17.4 4.2 
NA NA 
NA NA 
14.4 5.1 
16.9 5.1 
13.1 4.6 
16.8 4.8 
15.0 4.1 
18.4 8.5 
13.3 4.1 
20.4 4.1 
12.6 4.4 
18.1 5.0 
6.9 3.6 
9.0 3.7 
7.3 4.4 
8.3 2.6 

NR - not recommended; NA - not applicable 

Improved Tow Haulage 
Mean (min) Std Dev (min) 

9.5 9.3 
10.3 2.6 
9.5 3.0 
13.3 3.1 
9.5 3.3 
12.0 3.3 
9.5 2.9 
10.4 2.8 
NR NR 
9.5 1.9 
9.5 3.2 
11.1 3.5 
9.5 3.2 
13.9 3.4 
9.5 3.2 
12.6 3.0 
NA NA 
NA NA 
9.5 3.4 
12.0 3.6 
9.5 3.3 
13.2 3.8 
9.5 2.6 
12.9 6.0 
9.5 2.9 
16.6 3.3 
9.5 3.3 
15.0 4.1 

Time Savings 
Mean (min) 

7.2 
7.2 
2.7 
2.7 
3.6 
3.6 
4.7 
4.7 
NR 
3.4 
4.9 
4.9 
5.6 
5.6 
4.8 
4.8 
NA 
NA 
4.9 
4.9 
3.6 
3.6 
5.5 
5.5 
3.8 
3.8 
3.1 
3.1 

Auxiliary Lock with Helper Boat Assistance 
‘I I‘ ‘I 

Auxiliary Lock with Helper Boat Assistance 1‘ II ‘I 

The average time savings in the extraction of the first cut at UMR locks is about 5 minutes, both 
upstream and downstream. 
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TABLE 4-34: TIME SAVINGS FOR EXTRACTING FIRST CUTS WITH A POWERED KEVEL 
ILLINOIS WATERWAY LOCKS 

Existing Tow Haulage 
Lock Mean (min) Std Dev (min) 

Lckp Upstrm 13.9 6.1 
Dnstrm 12.7 5.8 

Brdn Upstrm 15.5 5.2 
Dnstrm 15.1 6.9 

Dres Upstrm 13.6 3.8 
Dnstrm 11.8 4.3 

Mars Upstrm 11.3 5.1 
Dnstrm 10.3 4.5 

Strvd Upstrm 11.3 3.6 
Dnstrm 11.6 4.3 

Peor Upstrm 13.8 5.1 
Dnstrm 14.5 5.7 

LaGr Upstrm 13.7 5.3 
Dnstrm 15.6 6.2 

NR - not recommended 

Improved Tow Haulage 
Mean (min) Std Dev (min) 

NR NR 
NR NR 
9.9 3.3 
9.5 4.3 
11.3 3.2 
NR NR 
10.5 4.7 
9.5 4.2 
9.5 3.0 
9.8 3.6 
9.5 3.5 
10.2 4.0 
9.5 3.7 
11.4 4.5 

Time Savings 
Mean (min) 

NR 
NR 
5.6 
5.6 
2.3 
NR 
0.8 
0.8 
1.8 
1.8 
4.3 
4.3 
4.2 
4.2 

The average time savings in the extraction of the first cut at IWW locks is about 3 minutes, both 
upstream and downstream. For the UMR and IWW locks combined, the average time savings is 
about 4 minutes in both directions. 

Conditions Affectina Implementation. While there is a real time savings for extracting the first 
cut with new improved tow haulage, the overall improvement in lock transit time for extracting the 
first cut faster is questionable unless additional staff are provided. The powered traveling kevel 
time savings with extended guidewalls does not appear as great as once thought. This is due to the 
present operating procedure and the movement of deckhands during a double lockage. Navigation 
Notice No. 1 requires a minimum of three personnel for safe handling of lines during double 
lockages. Generally, two deckhands ride the first cut of a double lockage as it is extracted from 
the lock chamber, moves down the guidewall, and is tied off to await remake with the second 
powered cut. A third deckhand walks the guidewall with the first cut, along with one lock person. 
A second lock person stays with the lock. The time it takes now under present conditions with 
600-foot guidewalls for two of the deckhands (one deckhand stays with the first cut) to walk back 
to the second powered cut to accompany the powered cut into the lock chamber is about the same 
time that it takes to turn back the chamber and open the lock gates for the second cut to start its 
entry into the chamber. This was confirmed by lockmasters. In some cases, depending on existing 
upper and lower pool levels, the powered cut may have a slight wait for the deckhands’ return 
before it can enter the lock chamber. With new tow haulage on guidewalls extended to 1,200 feet, 
the powered cut will have to wait for the deckhands’ return in every instance. The time saved in 
extracting the unpowered cut faster is negated by the powered cut waiting for the deckhands to 
return before it can start entry into the chamber. 

It is difficult to determine the wait time, but suffice to say that the powered cut will have to 
wait on the returning deckhands. The magnitude of the wait time can be roughly estimated from 
the following. After the unpowered cut clears the miter gates, it is moved about another 700 feet 
and tied off. The returning deckhands then have to walk about 2,000 feet back to the powered cut. 
During this time, the miter gates are closed (2 minutes), the chamber is filled/emptied (3- 
5 minutes), and the other miter gates opened for the powered cut entry (2 minutes). This total time 
averages 8 minutes. During this 8 minutes, from the previous Table 4-3 1, it takes 8 minutes to 
cover a haul distance of 600 feet and a stopping distance of 100 feet (assuming breaking capability 
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of the tow haulage by a gradual reversing of the pull/retard forces along with the larger breaking 
contribution from water friction forces). Add another 2 minutes for tying lines and another 
12 minutes to walk the 2,000 feet (2 mph pace plus ladder climbing) and this totals 22 minutes. 
The powered cut would then be waiting about 14 minutes (22 minutes minus 8 minutes). This is 
about 9 minutes more than the time gained by the faster extraction of the first cut on the UMR and 
about 11 minutes more than the time saved by the faster extraction time on the IWW. Even 
though the powered cut entry is delayed, powered kevels in combination with extended guidewalls 
allow for reduced chambering time by faster emptying of the lock chamber on downbound first 
cuts and for the remake of the double cuts outside the lock chamber. This results in a net savings 
in the lock transit time as shown in Table 4-35A, “Cost and Performance of Powered Kevels with 
Extended Guidewalls.” The average savings for turnback lockages is 6 minutes upbound and 
9 minutes downbound. Adding two additional crew members to either the tow or lock facility 
would eliminate the 14 minutes of delay associated with the crew returning. This would increase 
the overall savings to 20 minutes upbound and 23 minutes downbound (see Table 4-35B). 

A potential problem with an improved tow haulage operation has to do with the frequent high 
river levels experienced at many of the lock sites. During high river stages, high riding raker 
barges can damage the haulage system and other features along the guidewalls that are presently 
susceptible to damage such as handrails, posts, lights, etc. These could be costly repairs unless the 
lock is shut down to traffic during the higher river levels, preventing these potential damages. 

Existing conditions were evaluated at six lock and dam sites within the study area to Costs. 
verify the feasible placement of both tow haulage configurations (12-6- 12, and 12-N- 12). Sites 
visited included Locks 2.5,24,22,21, and 20 on the UMR and La Grange Lock on the IWW. 
These locks were chosen because they are the farthest downstream, having 600-foot chambers (as 
opposed to 1,200-foot chambers) and receive more commercial traffic than those locks upstream 
in the study area. Documentation included verification of existing lock site plans, measurements 
of existing clear zones, and identification of problem areas for incorporating the tow haulage 
configurations. These visits provided information that could be considered common to the other 
lock sites for placement of the improved tow haulage. Items affecting the cost of installation are 
considered typical to other sites as well. All arrangements are possible with the relocation of some 
existing features, such as handrail, check posts, ladders, and light stands, all of which can be 
relocated back from the wall face to accommodate the kevel rail. The existing upper guidewall 
kevel rail can remain in place at all locations and the new kevel rail butted to it for the upper 
guidewall extension. Differences in the top of wall elevation between the chamber wall and the 
lower guidewalls at Locks 15,24, and La Grange are accommodated by both the 12-6-12 and 12- 
N- 12 configurations as both configurations have independent tow haulage operations for the lock 
chamber and the guidewalls. The 1995 Improved Tow Haulage Equipment interim report has plate 
drawings for the 12-6-12 and 12-N-12 configurations. 

La Grange Lock (others may be identified during site-specific feasibility studies) requires 
special consideration for the tow haulage design. This site is susceptible to dynamic river levels 
that rise above the walls with as little as a l- to 2-hour warning. Lock personnel must disassemble 
and remove all equipment that could be damaged by high water and debris. Presently, the 
handrails fold down and the haulage winches are craned onto a flatbed truck for movement to 
higher ground. The existing unpowered kevels on both upper and lower guidewalls are being 
considered for removal as sand in the floodwater is taking a toll on the wheel bearings. 
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TABLE 435A: COST AND PERFORMANCE OF POWERED KEVELS WITH EXTENDED GUIDEWALLS 

Savings in Plus Savings 
Remake Time, in 1st Cut Plus Equals Time 

Turnback Extraction Reduced Minus Wait Savhtgs 
First Impacts to Exits, Table 4- Time, Tables Chambering Time For Turnback 

Cost ‘J Navigation’ 30 433 8 4-34 Time 2nd Cut Exits 
Lock Site DIR ($1,000’~) ($1,000’~) (mins.) (mins.) (mins.) (mins.) (mins.) 

11 1 US) 22.820 1 14.1 
DS 131866 

0 I 1 7.2 i 0.0 1 14.0 7.3 
0 14.3 7.2 -0.1 14.0 7.4 

r--+ 13 OS us I --, 28,060 13.888 .__ 0 0 1 I ;;:; 129 2.7 0.0 14.0 1.6 
DS lJfi34 n 167 -- .-,__. I .-.- -.. I -. . ..I ..- 

I usl 734.m I 0 I l?.!i I "l-l I fd" I I 

__ I  . . -  . . -  I  . . -  . . -  . . -  

;I 143!50 I n I NC. I NC 1 NC 1 NC 1 NC lJ%, .,--- 
DSl NR 1 N-R 
USi NR 1 NR I 

..- 

f 
NR 
NR 

OS1 
I I 

NR 1 NR 1 NR NR 1 NFi 1 NR 1 id 
USI 11.738 1 62.180 I 19.1 I 5.6 1 0.0 I 14.0 I 10.7 BRANDON RD. 
DS 13j810 621180 18.9 5.6 3.6 14.0 14.1 

DRESDEN IS. US 10,417 62,180 20.0 2.3 0.0 14.0 8.3 
DS NR NR NR NR NR NR NR 

MARSEILLES US .,. ._ __,.__ -.- -.- ..- -.- - 
DS 12,370 62.180 19.1 0.8 1.8 14.0 7.7 

STARVED RK. US 10,143 62 180 18.3 1.8 0.0 14.0 6.1 
DS 11.278 62.180 186 1.8 1.5 14.0 7.9 

1 PEORIA I USI 13:190 1 80:700 I 17.5 I 4.3 I 0.0 I 14.0 I 7.8 I 
1 I .ln I ‘1.8 

1 69,588 1 19.9 I 3.3 1 1.4 1 14.0 1 
US = upstream, DS = downstream, NA = not applicable, NR = not recommended, NC = no change 

1d.s 

NOTES 
1 The envlronomental Impacts are not !ncluded in the costs since they are yet to be quanttfied However, they 
make up a potentially Important component of the cost (Impacts) side 
2 These costs mclude $750,000 for powered traveling kevels on the upper and lower gudewalls 
3 These costs are for swtch boats, helper boats and temporary remote remake areas Also Included are economic 
Impacts to the navlgabon Industry from delays and closures that are shown on construcbon tlmellnes at Appendax D 
4 At Lock 17 the downstream guIdewall extension cost Includes S3,657,000 for channel work (bank excavatton) 
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TABLE 4-358: COST AND PERFORMANCE OF POWERED KEVELS WITH 
EXTENDED GUIDEWALLS AND ADDITIONAL PERSONNEL 

Savings in Plus Savings 
Remake Time, in 1st Cut PIUS Equals Time 

Turnback Extraction Reduced Minus Wait Savings 
Firs1 t 1 Impacts to IExits, Table 4-1Timn Tzahlor al Chamherino 1 Time For 1 Tu ,....-,.--.--.-..-...--....= ---.-- mback 

cost ‘2 
I 

Navigation3 
I 

.30 33 a 4-34 
I 

Time 2nd Cut Exits 
Lock Site DIR ($1,000’~) (fl,OOO’s) (mins.) Imins.1 (mins.) (mins.) (mins.) 

IT. I I .L 0.0 0.0 21.3 
-------t-----t---- 143 71 

I.L 
nt 

- “ .  I  
nn 
Y . ”  7, A s. 8.7 ._,_ . -  

I  
.._ 

12 us 3Allfl I __) - , 0 I 179 ' I - I I ( , 
nc n I ,fi3 ’ 

I 

” , I I .” “.” ( “.” , LI., ____ 
- DS.1 14,490 .-IO 3.6 0.1 ( 0.0 ( 23.6 

19 I IlCl 3*FIrvl I n 1 ,R? I cc I ,-%A I nn I 74Q 
I ,,..I I.,,,,” I II I IC>L I - -  ’ ‘I- ’ “‘I ’ ‘“’ V . ”  a_.- -  -  - ,  - -  -  

I  
. - . -  4.d 

I  
“_I 

24 IICI 71 nnn I n I ifin I 10 I .-._ 4.” I nn I nn I ,oII U” V.” .“.” _- - .,--- I 
DS 11,440 0 3.8 1.6 0.0 21.9 

25 us 27,800 0 16.8 3.1 0.0 0.0 19.9 
DS 15,120 0 1A 1 14 I . .I nn -J1? 1. I 2. f I I.0 V.” LL.d 
I IE n h 

NC ---I-L N” I 
NC NC 
.I,-. I Aux LOCK , YJ uuv I u I I.- I I  , . -  . . -  . . -  

27 us 14.300 I ,.~~ , 0 I NC I Mr ..Y I NC I NC 1 NC 
AuxLock nc’ MD ’ NQ I NR I I.10 +%- I 

LOCKPORT VI 1.1, ii ++--I 1.1. 
DS NR NR I ,sn I 1.1, I.11 ..,. 

BRANDON RD. US 11.788 62,180 I cc I nn I nn I 7*7 
V , ”  V . ”  L-.. I  

-IX 13,860 62,180 .d.” 
I 

-4~ I nn I 381 -.” -.I --. 
DRESDEN IS. US 10,467 62,180 20.0 1 2.3 I 0.0 ( 0.0 1 22.3 1 

DS NR NR ND I .I” I Ll” I LID I hlD 

MARSEILLES US 11.166 , I DS 12 420 62.180 1 ;;I; 62,180 .j~.-g&-.+-- ‘;‘; ;‘; /+I 

.a.” .  ,  . ”  - - I  . - -  . - . -  
I  

I  . U  
I  

I  .o 

IIRcl7cl0l 175 I A? I nn I nn I 31n 

NOTES 
1 The annual cost of addlbonal personnel IS not shown, It would total approximately $518,000 per lock per year The envlronomental impacts ar 
in the costs smce they are yet to be quantified However. they make up a potentlally important component of the cost (Impacts) side 

2 These costs mclude $750.000 for powered traveling kevels on the upper and kwer gu~dewalis 
3 These costs are for switch boats, helper boats and temporary remote remake areas Also Included are economic 
Impacts to the nav!gabon industry from delays and closures that are shown on constructlon timelines at Appendix D 
4 At Lock 17 the downstream gutdewall extens,on cost includes $3.657.000 for channel work (bank excavation) 
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Cost estimates were developed for both tow haulage configurations (126- 12 and 12-N- 12) at 
Lock and Dam 24 and at La Grange Lock (Tables 4-36A through 4-38). These estimates include 
costs for the required structural modifications along the walls for placement of the kevel rails and 
operating clearance for the powered traveling kevels. The required structural modifications are 
limited to: access ladder modifications for ladders on the lockwalls providing access from the 
river to the top of the lockwall; removal and installation of higher check posts adjacent to the 
kevel rails; and existing handrail elimination or setback. The cost estimates also include the 
following assumptions: 1) Winches for the existing system are to be removed for the 12-6-12 
option and are to be used in place for the 12-N-12 option; 2) power/control cables are to be in rigid 
steel conduit along the back of the guidewalls to a point at the miter gate monoliths where the 
cables will transition to an existing pull box or cable trench; and 3) the pull/retard type winch 
system is used for costing, including a hydraulic-type power unit to drive the system. An 
electrically driven winch with a variable frequency drive could also be used to drive the system 
with the same order of cost magnitude as shown in the estimates for the hydraulic units. 

The 25-percent contingency cost included in the estimates is adequate to cover any slight 
variations at the other lock sites in the study area. These variations are minor since the total length 
of tow haulage improvement is fairly constant at all the lock sites for either the 12-6-12 or the 
12-N- 12 configurations. Therefore, for the Navigation Study, the improved tow haulage costs for 
Lock 24 will be used for all other lock sites on the UMR. These first costs are $1,520,000 for the 
12-6-12 configuration and $l,l 10,000 for the 12-N-12 configuration. Likewise, the costs for 
improved tow haulage at La Grange Lock will be used for all other lock sites on the IWW. These 
first costs are $1,440,000 for the 12-6-12 configuration and $1,025,000 for the 12-N-12 
configuration. 

Assuming the 12-6- 12 configuration for all lock sites within the system study, the costs vary 
from $1,440,000 to $1,520,000. A first cost of $1,500,000 was used for each lock site, as shown 
in Table 4-35 ($750,000 for each upper and lower guidewall). In addition to the first cost of the 
powered kevels, an estimated annual maintenance cost of $9,000 per kevel or $18,000 per lock 
would be required. 

The additional personnel are estimated to cost $5 18,000 annually per lock (two additional 
staff on duty, 24 hours per day, 270 days per year). An additional first cost of $100,000 per lock 
site was also included, associated with start up of the measure (e.g., contracting or hiring 
employees, training requirements, and miscellaneous expense). 

Relationship to Other Small Scale Measures. Improved tow haulage (powered kevels) assumes 
the presence of a foundation on which the tow haulage is founded. The existing lock chamber 
wall, existing guidewalls and their extensions provide a foundation for the tow haulage. The total 
cost of implementing the improved tow haulage measure requires, therefore, the extended 
guidewalls and the associated cost of the guidewall extensions. The costs for the guidewall 
extensions are not included in the tow haulage (powered kevels) cost estimates but are shown in 
the Extended Guidewall Section of this report. The cost for guidewall extensions must be added to 
the improved tow haulage (powered kevels) cost to obtain the total cost of the improved tow 
haulage measure. In addition, the provision of additional personnel is highly recommended to 
eliminate the large delay associated with the crew walking back to the powered cut. 
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TABLE 4-36A: CONSTRUCTION COST ESTIMATE 
IMPROVED TOW HAULAGE (POWERED KEVEL) SYSTEM 

LOCK AND DAM # 24 - MISSISSIPPI RIVER 
12-N-12 ALTERNATE 

ITEM DESCRIPTION 

I, 40 HP WINCH (w/POWER UNIT& POWER PANEL 
2. 1” DIA WIRE ROPE (2@ 1400’ - GUIDEWALLS) 
3. 36” DIA SHEAVES WI ASSEMBLY 
4. 140# RAIL (WI PLATES, CLIPS, &ANCHORS) 
5. TOW HAULAGE BITTS 
6. CONCRETE FOUNDATION FOR WINCHES 
7. RIGID STEEL CONDUIT 
8. POWER/CONTROL CABLES 
9. MCC AND CONTROLS ADDlTlONlMODlFlCATlON 
10. REMOVAL OF CHECKPOSTS 
Il. INSTALL NEW CHECKPOSTS 
12. REMOVAL/RELOCATION OF HANDRAILING 
13. MISC. STRUCTURAL MODS. (LADDERS, 
TRENCHES) 
14. REMOTE CONTROL STATION 
15. TESTING/START-UP 
16. TRAINING 

PROJECT SUBTOTAL 

CONTINGENCIES (25%) 

PROJECT SUBTOTAL WITH CONTINGENCIES 

PLANNING, ENGINEERING, AND DESIGN (10%) 

CONSTRUCTION MANAGEMENT (10%) 

PROJECT TOTAL (EXCLUDING GUIDEWALL 
EXTENSIONS) 

NO. UNIT COST 

4 EACH 
2800 LF 

4 EACH 
2000 LF 

4 EACH 
2 EACH 

4800 LF 
4800 LF 

1 EACH 
22 EACH 
22 EACH 

500 LF 
1 EACH 

2 EACH 
1 EACH 
1 EACH 

$80,000 

$5,OE 
$60 

$3,000 
$10,000 

$10 
$10 

$10,000 
$250 

$3,500 
$20 

$10,000 

$2,000 
$15,000 

$5,000 

ITEM 
COST 

$320,000 
$14,000 
$20,000 

$120,000 
$12,000 
$20,000 
$48,000 
$48,000 
$10,000 

$5,500 
$77,000 
$10,000 
$10,000 

$4,000 
$15,000 

$5,000 

$738,500 

$186,500 

$925,000 

$92,500 

$92,500 

$1,110,000 
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TABLE 4-368: CONSTRUCTION COST ESTIMATE 
IMPROVED TOW HAULAGE (POWERED KEVEL) SYSTEM 

LA GRANGE LOCK AND DAM - ILLINOIS WATERWAY 
12-N-1 2 ALTERNATE 

ITEM DESCRIPTION NO. UNIT COST 

1. 40 HP WINCH (w/POWER UNIT& POWER PANEL 
2. 1” DIA WIRE ROPE (1400’ EACH) 
3. 36” DIA SHEAVES WI ASSEMBLY 
4. 140# RAIL (W/ PLATES, CLIPS, 81 ANCHORS) 
5. TOW HAULAGE BITTS 
6. CONCRETE FOUNDATION FOR WINCHES 
7. RIGID STEEL CONDUIT 
8. POWER/CONTROL CABLES 
9. MCC AND CONTROLS ADDITION/MODIFICATION 
10. REMOVAL OF CHECKPOSTS 
11. INSTALL NEW CHECKPOSTS 
12. REMOVAL/RELOCATION OF HANDRAILING 
13. MISC. STRUCTURAL MODS. (LADDERS, 
TRENCHES) 

4 EACH 
2800 LF 

4 EACH 
1350 LF 

4 EACH 
2 EACH 

4800 LF 
4800 LF 

1 EACH 
20 EACH 
20 EACH 

0 LF 
1 EACH 

$80,000 

$5,02 
$60 

$3,000 
$10,000 

$10 
$10 

$10,000 
$250 

$3,500 
$20 

$10,000 

14. REMOTE CONTROL STATION 
15. TESTING/START-UP 
16. TRAINING 

2 EACH 
1 EACH 
1 EACH 

$2,000 
$15,000 

$5,000 

PROJECTSUBTOTAL 

CONTINGENCIES (25%) 

PROJECT SUBTOTAL WITH CONTINGENCIES 

PLANNING, ENGINEERING, AND DESIGN (10%) 

CONSTRUCTION MANAGEMENT (10%) 

PROJECT TOTAL (EXCLUDING GUIDEWALL 
EXTENSIONS) 

ITEM 
COST 

$320,000 
$14,000 
$20,000 
$81,000 
$12,000 
$20,000 
$48,000 
$48,000 
$10,000 

$5,000 
$70,000 

$00 
$10,000 

$4,000 
$15,000 

$5,000 

$682,000 

$173,000 

$855,000 

$85,000 

$85,000 

$1,025,000 
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TABLE 4-37: CONSTRUCTION COST ESTIMATE 
IMPROVED TOW HAULAGE (POWERED KEVEL) SYSTEM 

LA GRANGE LOCK AND DAM - ILLINOIS WATERWAY 
12-6-12 ALTERNATE 

ITEM DESCRIPTION 

1. 40 HP WINCH (w/POWER UNIT& POWER PANEL) 
2. 1” DIA WIRE ROPE (1400’, 1400’, AND 700’) 
3. 36” DIA SHEAVES WI ASSEMBLY 
4. 140# RAIL (WI PLATES, CLIPS, & ANCHORS) 
5. TOW HAULAGE BITTS 
6. CONCRETE FOUNDATION FOR WINCHES 
7. RIGID STEEL CONDUIT 
8. POWER/CONTROL CABLES 
9. MCC AND CONTROLS ADDITION/MODIFICATION 
10. REMOVAL OF WINCHES (W/CONTROLS) 
11. REMOVAL OF CHECKPOSTS 
12. INSTALL NEW CHECKPOSTS 
13. REMOVAL/RELOCATION OF HANDRAILING 
14. MISC. STRUCTURAL MODS. (LADDERS, TRENCHES) 
15. REMOTE CONTROL STATION 
16. TESTING/START-UP 
17. TRAINING 

PROJECT SUBTOTAL 

CONTINGENCIES (25%) 

PROJECT SUBTOTAL WITH CONTINGENCIES 

PLANNING, ENGINEERING, AND DESIGN (10%) 

CONSTRUCTION MANAGEMENT (10%) 

PROJECT TOTAL (EXCLUDING GUIDEWALL EXTENSIONS) 

NO. UNIT 

6 EACH 
3500 LF 

7 EACH 
1950 LF 

5 EACH 
2 EACH 

4800 LF 
6000 LF 

1 EACH 
2 EACH 

30 EACH 
30 EACH 

0 LF 
1 EACH 
2 EACH 
1 EACH 
1 EACH 

COST 

$80,000 

$5.0:; 
$60 

$3,000 
$10,000 

$10 
$10 

$10,000 
$5,000 

$250 
$3,500 

$20 
$10,000 

$2,000 
$15,000 

$5,000 

ITEM 
COST 

$480,000 
$17,500 
$35,000 

$117,000 
$15,000 
$20,000 
$48,000 
$60,000 
$10,000 
$10,000 

$7,500 
$105,000 

$lO,O~~ 
$4,000 

$15,000 
$5,000 

$959,000 

$241,000 

$1,200,000 

$120,000 

$120,000 

$1,440,000 
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TABLE 4-38: CONSTRUCTION COST ESTIMATE 
IMPROVED TOW HAULAGE (POWERED KEVEL) SYSTEM 

LOCK AND DAM #24 - MISSISSIPPI RIVER 
12-6-12 ALTERNATE 

ITEM DESCRIPTION 

1. 40 HP WINCH (w/POWER UNIT & POWER PANEL) 
2. 1” DIA WIRE ROPE (2@ 1400’, 1 @ 700’) 
3. 36” DIA SHEAVES WI ASSEMBLY 
4. 140# RAIL (W/ PLATES, CLIPS, &ANCHORS) 
5. TOW HAULAGE BITTS 
6. CONCRETE FOUNDATION FOR WINCHES 
7. RIGID STEEL CONDUIT 
8. POWER/CONTROL CABLES 
9. CONTROLSIMCC MODIFICATIONS AND ADD. 
IO. REMOVAL OF WINCHES (W/CONTROLS) 
11. REMOVAL OF CHECKPOSTS 
12. INSTALL NEW CHECKPOSTS 
13. REMOVAL/RELOCATION OF HANDRAILING 
14. MISC. STRUCTURAL MODS. (LADDERS, TRENCHES) 
15. REMOTE CONTROL STATION 
16. TESTING/START-UP SERVICES 
17. TRAINING 

PROJECT SUBTOTAL 

CONTINGENCIES (25%) 

PROJECT SUBTOTAL WITH CONTINGENCIES 

PLANNING, ENGINEERING, AND DESIGN (10%) 

CONSTRUCTION MANAGEMENT (10%) 

PROJECT TOTAL (EXCLUDING GUIDEWALL 
EXTENSIONS) 

NO. UNIT 

6 EACH 
3500 LF 

6 EACH 
2500 LF 

5 EACH 
2 EACH 

4800 LF 
6000 LF 

1 EACH 
2 EACH 

31 EACH 
31 EACH 

1100 LF 
1 EACH 
2 EACH 
1 EACH 
1 EACH 

COST 

$80,000 

!ss,o:: 
$60 

$3,000 
$10,000 

$10 
$10 

$10,000 
$5,000 

$250 
$3,500 

$20 
$10,000 

$2,000 
$15,000 

$5,000 

ITEM 
COST 

$480,000 
$17,500 
$30,000 

$150,000 
$15,000 
$20,000 
$48,000 
$60,000 
$10,000 
$10,000 

$7,750 
$108,500 

$22,000 
$10,000 

$4,000 
$15,000 

$5,000 

$1,012,750 

$253,250 

$1,266,000 

$127,000 

$127,000 

$1,520,000 
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Conclusions/Summary. In summary, a powered keve1 system with extended guidewalls extracts 
first cuts of doubles faster than the current haulage system by an estimated 3 to 5 minutes. 
However, the lockage time is negatively impacted when the powered kevel takes the cut to the end 
of the extended guidewall unless additional staffing is provided. Under the current lock operating 
procedure, the entrance of the second (powered) cut into the turned-back lock chamber would be 
delayed an estimated 14 minutes by the return of the deckhands from the first cut. Therefore, the 
lockage time is negatively impacted by an estimated 9 to 11 minutes. However, with extended 
guidewalls, the total lock transit time for tumback lockages is still reduced by an average of 6 to 9 
minutes, respectively, for upbound and downbound lockages. This is due to faster emptying of the 
lock chamber on downbound first cuts and the tow remake outside the chamber along the extended 
guidewall. 

Two additional personnel could eliminate the need for the tow to wait for its crew to return. 
Although this would result in some increase in costs, the overall time savings would increase to 
20 minutes upbound and 23 minutes downbound. This measure should be considered further for 
implementation. 

n Unpowered Kevels 

As discussed above, pulling the first cut with new tow haulage including powered kevels to the 
end of a 1,200-foot guidewall requires additional lockage time for deckhands to return and 
accompany the second cut into the lock chamber or the additional cost of adding personnel. An 
alternative to powered kevels is unpowered kevels. 

Descrbtion of Measure. Using unpowered kevels to shorten the lock transit time for double 
lockages requires extended guidewalls. This measure provides two rail-mounted kevels along 
both extended upstream and downstream guidewalls. These kevels are not attached to any 
cable/winch power system (see Figures 4-8A and B). 

With this alternative, the first cut of a double lockage is extracted from the lock chamber as is 
presently done with the existing tow haulage system (a single winch and cable system). The front 
of the cuts secured to the first kevel. The stem of the first cut is attached to the second kevel after 
the first cut clears the miter gate recess and is tied off to a safety line. Two of the three deckhands 
then walk back a maximum of 1,200 feet, as they do now, to accompany the powered second cut 
into the chamber. After the lock gates are opened, the powered cut faces up to the first cut. At 
this point, instead of completely remaking the cuts, as is presently done with the powered cut 
occupying part of the lock chamber, only the two outside couplings are remade. The powered cut 
then pushes the first cut to the end of the 1,200-foot guidewall with the two kevels riding the rail, 
helping to keep the first cut along the guidewall. In this scenario, the powered cut provides the 
power to move the first and second cuts away from the lock chamber while still having full control 
of the first cut, which is secured at the bow and stem to the kevels and to the powered cut by the 
two outside couplings. When the stem of the powered cut clears the gate recess, the chamber can 
be turned back to receive the next tow traveling in the same direction while the exiting tow 
completes its remake along the extended guidewall. 
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UNPOWERED KEVELS 

UNPOWERED CUT IS EXTRACTED 

CHECK POSTS (LINES ARE ATTACHED TO 
THE UNPOWERED KEVELS IN PREPARATION 
FOR MOVING ALONG THE WALL). 

WO OUTSIDE LASHINGS 

KEVEL 

POWERED CUT IS LOCKED THROUGH 
; UP TO THE UNPOWERED CUT. THE 
IDE LASH INGS ARE REMADE AND THE 

POWERED CUT PUSHES THE UNPOWERED CUT 
TO THE END OF THE EXTENDED GUIDEWALL 
(AS SHOWN IN THIS FIGURE), WHILE THE 
UNPOWERED KEVELS HELP TO KEEP THE 
UNPOWERED CUT ALONG THE GUIDEWALL. 

THE POWERED CUT AND KEVELS 
HOLD THE UNPOWERED CUT AT THE END 
OF THE EXTENDED GUIDEWALL WHILE THE 
OTHER LASHINGS ARE REMADE. ALLOWING 
THE LOCK CHAMBER TO BE TURNED BACK 
FOR THE NEXT TOW. 

UNPOWERED KEVELS TO SERVE NEXT 
DOWNBOUND DOUBLE LOCKAGE 

WAITING TOW 

BENEFITS OF UNPOWERED KEVELS 

FIGURE 4-8A: Benefits of Unpowered Kevels 
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Start Approach 
0:oo 

I 

Complete Approach 
0:22 

Complete Entry 
0:14 

Lock 1st Cut 
0:08 

Remove 1 st Cut 
0:17 

Existing tow haulage is used. 
During exit, cut is tied off at bow 
and stern to unpowered kevels. 

Turnback Chamber 
0:08 

Complete Entry 2nd Cut 
0:08 

Lock 2nd Cut 

0:08 e ( &-, ( -1 

Face-Up & Make 2 Couplings 
0:08 

Just the two outside couplings are 
fastened prior to tow pushing cut along 
guidewall - saving approx 6 min. 

I I 
Tow exits chamber and remainina 

Exit Lock 
0:09 

couplings fasted at end of guideiall, 
prior to removing cut from kevels. 

I 

Total Lockage Time: I:42 (exit chamber) 153 (leave guidewall). Total savings to queue is 6 min. 
However, only benefits system if next tow is traveling in same direction (turnback). 

Note: Approximate lockage time in hour:minutes. Diagram shows an exchange approach followed by a 
turnback lockage. 

FIGURE 4-8B: Double Lockage Elements - Permanent 
Guidewall Extensions with Unpowered Kevel 
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Deiav Reduction MethodoloavlTime Savinas Estimate 

Remake of Double Lockaae Tows (Exit and Clear Second Cut). A time savings is 
obtained by allowing the powered cut to push the first cut to the end of the extended guidewall 
where the remake of the two cuts can be completed. This alleviates the existing condition at locks 
with 600-foot guidewalls where a double lockage tow is unable to exit the lock chamber until all 
of the couplings are remade, keeping the chamber from servicing other tows. This savings is only 
realized for turnback exit lockages where the next tow to be locked through is going in the same 
direction. The time savings is maximized when used in conjunction with the N-up/N-down policy 
where N tows are locked through in one direction before N tows are locked through in the opposite 
direction. If the next lockage is an exchange (going in the opposite direction), no time is saved 
since the exiting tow is blocking the approach during the remake completion along the extended 
guidewall. 

LPMS data for 1990 were used in estimating the potential time savings. The average 
turnback exit times of double lockages were used from each lock site. This time includes the face 
up time for the powered cut to approach the first cut; the remake coupling time; and the tow exit 
time until the stem of the tow passes the gate sill. The time savings is the difference in the remake 
coupling time for remaking five wires (the sixth wire is remade after the tow leaves the guidewall) 
versus the time for remaking the two outside wires. 

The existing procedure for remaking the five wires is reported in the “Crew Elements” 
section of this report. The remaking procedure involves the human element and consequently 
varies with crew experience and other elements such as weather conditions, time of day, etc. A 
baseline estimate of 12 minutes for remaking five wires was determined based on a limited 
number of timed observations in the 1995 Universal Couplers and Crew Training interim report. 
The estimate of 12 minutes is based on three people (typical crew) remaking the five wires. Each 
wire requires 3 minutes to lay the wire around the barge timberheads and 3 minutes to tighten the 
wire. Since there are five wires, two of the three deck crew have to perform each operation twice 
(three people lay a wire and tighten it, then two of the three lay another wire and tighten that one). 
Each wire requires 6 minutes to remake. 

In this scenario, the two deckhands who walk back to accompany the powered cut through the 
lockage remake the two outside wires after the powered cut faces up to the first cut. Each 
deckhand does one wire, which requires 6 minutes. The total time savings is then the difference in 
the average estimated remake time of 12 minutes for all five wires and the remake time for the two 
outside wires, which is estimated at 6 minutes. This equates to a total average time savings of 
6 minutes, which is assumed applicable to all tumback double lockages at all lock sites under 
study. Using a savings of 6 minutes, the new exit and clear time of the second cut from the lock 
chamber is given by: 

New Lock Exit Time of 2”d = Existing Lock Exit Time of 2”d - 6 minutes 
Cut (including remake) Cut (including remake) 

Using the above formula and 1990 LPMS data, the average new exit time of the second cut for the 
UMR locks in the downbound direction goes from 23 minutes to 17 minutes and in the upbound 
direction goes from 20 minutes to 14 minutes. For the IWW locks, the average new lock exit time 
of the second cut in the downbound direction goes from 26 minutes to 20 minutes and in the 
upbound direction goes from 24 minutes to 18 minutes. This represents a savings of 6 minutes. 
See Table 4-39 for new lock exit times for tumback exits of double lockages. 
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TABLE 4-39: COST AND PERFORMANCE OF UNPOWERED KEVELS WITH E 

DIR L. COSTS DOUBLE EXIT SAVINGS 

cost 
txisting 

Clear/Exit 

.ock Site t 

- 
DS 

14 us 
DS 

15 us 
DS 

16 us 
DS 

17 us 
DS 

18 us 
DS 

19 us 

DS 

20 us 
DS 

21 us 
DS 

22 us 
DS 

24 us 
DS 

25 us 
DS 

1 PRICE US 

AUX DS 

27 US 
AUX DS 

LOCK- US 
PORT DS 

BRAN- US 
DON DS 

DRES- US 
DEN DS 

MAR- US 

jElLLES DS 

NR 1 NR NR 1 NR ) NR 
11.348 1 62,180 1 25.4 1 19.4 1 6.0 

13,420 62,180 25.3 19.3 6.0 

9,907 62,180 25.7 19.7 6.0 
NR NR NR NR NR 

TENDED GUIDEWALLS 

~ 

1 The envIronmental Impacts are not shown on the cost side since they are yet lo be quantlfled However, they make up a potentially Important component of the 

costs (Impacts) side 

2 These costs Include $240.000 and $360.000 for unpowered kevels on the upper and lower guldewalls respectwely 
3 These costs are for swtch boats, helper boats and temporary remote remake areas Also Muded are economic impacts to the nawgatlon industry from delays and closures 

that are shown on constructlon t~mel~nes at Appendix D 

4 At Lock 17 the downstream guidewall extension cost Includes $3,657,000 for channel work (bank excavabo”) 
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Exit and Clear Time for Setover and Knockout Sinales. In addition to the savings in the 
exit and clear time of the powered cut of double lockages, a savings in the exit and clear time for 
setover and knockout lockages is possible with unpowered kevels. 

Setover and knockout single lockages typically occur when a tow has a river configuration 
over 600 feet but can still fit in the chamber as a single with some reconfiguration. Navigation 
Notice 1-1998 states that reconfiguration is required to reduce the unnecessary need for double 
lockages (see Figure l-9 for diagrams of setover and knockout lockages). The area of potential 
time savings for setover and knockout singles is in allowing the tow to reconfigure to its river 
configuration along the extended guidewall instead of the current practice of reconfiguring in the 
lock chamber. This is after the tow pushes out from the chamber in its lock configuration with the 
assistance of the unpowered traveling kevels. As the tow exits, the front barge next to the 
guidewall is attached to the first kevel. The rear barge is attached to the second kevel after the rear 
barge passes the gate recess. The kevels, riding the rail along the top of the extended guidewall, 
help to keep the tow next to the guidewall and under control as the tow exits the chamber and 
travels along the guidewall. Thus, the chamber can be turned back sooner for the next tow 
traveling in the same direction (tumback exit lockage) while the exiting tow reconfigures to its 
river configuration at the end of the extended guidewall. 

Setovers and knockouts represent a small percentage of the total lockages. For example, at 
Lock 25 in 1990, setover and knockout lockages totaled 1.4 percent (5 1 tows) and 7.2 percent 
(271 tows) of the commercial traffic, respectively, out of over 3,700 commercial lockages. As a 
result of the limited number of these tows, the systemic impacts of improvements in these lockages 
will likely be relatively small. However, a significant reduction in lock chambering time for these 
tows in a tumback exit lockage is possible. 

Navigation Notice 1-1998 requires a minimum of three deckhands to handle lines for setover 
lockages and a minimum of two deckhands to handle lines for knockout lockages. One of the three 
deckhands stays with the setover barge temporary lashing during a setover lockage. This leaves 
two deckhands on the barges to handle fore and aft lines to the wall for both setover and knockout 
configurations. One lock person tends the lockage from atop the guidewall. This arrangement 
satisfies the needs for extracting setover and knockout tows in their lock configurations using two 
unpowered kevels, providing the following assumptions are made: (1) The lock person secures the 
towlines from the deckhands riding the front and back barges over the first and second kevels, 
respectively; (2) when the extracted tow is ready for reconfiguration along the extended guidewall, 
the lock person removes the line from the second kevel and ties the line (backing line) to a check 
post; and (3) an automatic line release in the first kevel trips the line, allowing the deckhand at the 
front to secure the line (backing line) to a pin located lower in the guidewall. Backing lines hold 
the barge group in position while the towboat remakes into the river configuration. 

LPMS data from 1990 were used in estimating the average per lockage time savings for 
setover and knockout tumback exit lockages. To approximate the potential time savings, the 
tumback exit times for single tows were subtracted from setover and knockout tumback exit times. 

Time Savings = Tumback Exit of Setover - Exit of Single 
or Knockout 

The average time savings were estimated for setover and knockout tumback exits using the 
above formula and 1990 LPMS data. The average new tumback exit time of knockouts for the 
UMR locks in the downbound direction goes from 30 minutes to 6 minutes for an average savings 
of 24 minutes. In the upbound direction for UMR locks, the average new exit time of setovers 
goes from 28 minutes to 5 minutes for an average savings of 23 minutes. The average new 
tumback exit time of setovers for the IWW locks in the downbound direction goes from 
34 minutes to 6 minutes for an average savings of 28 minutes, In the upbound direction for IWW 
locks, the average new exit time of setovers goes from 32 minutes to 6 minutes for an average 
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savings of 26 minutes. Knockout exits have less potential for reduction in exit times using 1990 
LPMS data. The average new turnback exit time of knockouts for the UMR locks in the 
downbound direction goes from 13 minutes to 6 minutes for an average savings of 7 minutes. 
In the upbound direction for UMR locks, the average new exit time of knockouts goes from 
12 minutes to 5 minutes for an average savings of 7 minutes. The average new turnback exit time 
of setovers for the IWW locks in the downbound direction goes from 13 minutes to 6 minutes for 
an average savings of 7 minutes. In the upbound direction for IWW locks, the average new exit 
time of setovers goes from 12 minutes to 6 minutes for an average savings of 6 minutes. Table 4- 
39 shows setover and knockout exit time savings for each lock site. 

Similar improvements in setover and knockout exiting times are possible as well. However, 
due to the considerable time required for some reconfigurations, they may not be able to complete 
these operations prior to the preceding tow finishing its lockage and the chamber becoming 
available. 

Conditions Affectinn Imljlementation. Unpowered kevels are applicable at all lock sites where 
extended guidewalls are implemented. The existing kevel rail on the existing upstream guidewalls 
at locks within the study area can remain in place to reduce the implementation cost. Existing 
upstream kevel rails exist at all locks on the UMR, except for the 600-foot auxiliary locks at 
Melvin Price Locks and Locks 27; and at all locks on the IWW, except for Lockport, Brandon 
Road, and Marseilles. Dresden Island has kevel rail on both existing upstream and downstream 
guidewalls. 

Costs. Typical first cost estimates are shown in Table 4-40 for installing two unpowered kevels 
and a rail on the extended upstream and downstream guidewalls. These estimates do not include 
the guidewall extension cost or the impacts to industry during the construction of the guidewall 
extensions. These additional costs are included in Table 4-39 “Cost and Performance of 
Unpowered Kevels with Extended Guidewalls.” In addition to the first costs shown, annual 
maintenance costs are estimated at $2,000 per unpowered kevel or $4,000 per lock. 

TABLE 4-40: COST ESTIMATES 
UNPOWERED KEVELlRAlL SYSTEMS 

UPSTREAM GUIDEWALL 

ENGR/ DESIGN & CONSTR MGMT 40,000 
PROJECT TOTAL (EXCLUDING GUIDEWALL EXTENSION) $240,000 
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TABLE 4-40 (Continued) 

Relationship to Other Measures. Extended guidewalls with unpowered kevels eliminate the 
need for switchboat assistance or formal industry self help to pull the first cut of double lockages 
for remake along an extended guidewall. The second cut, or prime mover, powers the first cut to 
the end of the guidewall. This measure enhances the N-up/N-down policy to minimize lock transit 
time. All other small scale measures can be considered for implementation in conjunction with 
unpowered kevels, except for DeLong Piers. Unpowered kevels are not compatible with DeLong 
Piers used as a temporary extension of a guidewall. Continual straight alignment of the kevel rail 
is needed for proper operation of the kevels, which is difficult to maintain with a segmented 
DeLong Pier foundation. 

Conclusions/Summary. Some lock operation personnel expressed some preference toward this 
method of being able to remake double cuts along an extended guidewall and freeing up the lock 
chamber for quicker turnaround. Expected time savings for double lockages is 6 minutes. While 
the percentage of setover and knockout lockages is low at most lock sites (around 7%), excluding 
locks above Marseilles on the IWW, the tumback exit time savings is substantial for these 
lockages, especially setovers. Setover savings vary from about 23 to 28 minutes, respectively, on 
the UMR and IWW. Knockout savings vary from about 6 to 7 minutes. 

Potential damage to an unpowered kevel/rail system should be less than to a powered kevel 
system during high river stages as there are no power winches or cable runs along the extended 
guidewalls susceptible to potential hits by tows (raker barges) or floodwater debris. 

Adjacenf Mooring Facilities 

Adjacent mooring facilities are devices that allow a vessel a place to tie off while waiting for their 
turn to lock through. These mooring facilities provide an attachment point for the tows or their 
barges by use of a line. Without such facilities, the towboats may be forced to wait considerable 
distances from the locks and must either push into the riverbank, which can cause erosion and 
damage to shoreline vegetation, or wait out in the currents of the river, which wastes fuel. Both 
options can cause scour of the bank by the vessel’s propwash. The location of these facilities was 
discussed with lockmasters and industry representatives (towboat captains/pilots). Reference was 
also made to the Mississippi River Locks and Dams I I -22 Approach Improvements Rehabilitation 
Evaluation Report, dated June 1993. The general benefits of adjacent moorings are shown on 
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Figure 4-9, while the desired mooring locations are shown for each lock on plates 1 through 27 in 
Appendix C. 

Desian Details. There are three types of moorings: mooring buoys, land-based moorings or bank 
anchors, and mooring cells. The mooring buoys and land-based moorings are similar in design, 
making use of anchors that dig into the river bottom or nearby land. Their design makes them 
reasonably easy to relocate as necessary. The mooring buoys can be moved, if required, to several 
different locations over a period of time to determine the best location for a permanent mooring 
cell. Mooring cells are permanent structures that are made of steel sheet piling driven into the 
river bottom and filled with earthen materials and/or concrete. Cells can slightly alter localized 
river flow conditions (flow velocity vectors). 

. Mooring Buoys 

Description. Mooring buoy assemblies consist of two anchors connected to a concrete sinker that 
is connected to a large floating buoy with a heavy anchor/riser chain. The buoy is 12 feet in 
diameter, 3.5 feet high, and filled with polyurethane foam for buoyancy. The buoy is fitted with a 
mooring ring or other point to which a tow can attach a mooring line (see plate 32 in Appendix C). 
A new buoy design (non-cylindrical) is being tested, which should make buoys more usable and 
accessible to waiting tows. 

. Land-Based Moorings 

Description. Land-based moorings consist of an anchor and chain located on land adjacent to the 
lock approaches. The anchor is buried in the nearby bank, leaving the chain and mooring ring 
available for use by the tows (see plate 32 in Appendix C). The land-based moorings reduce the 
practice of nudging into the shoreline or tying up to trees along the riverbank to wait for lockage, 
thereby reducing erosion and damage to shoreline vegetation. 

. Mooring Cells 

Descrbtion. Mooring cells are constructed of sheet pile and are filled with earthen material 
and/or concrete. Mooring cells are preferred by industry because of their stability and ease of use. 
However, proper location of the cell is critical to its being used by tow operators as well as not 
being a hindrance to navigation. Achieving the proper location that suits all pilots, all river 
conditions, and all maneuvering techniques is very difficult. The cells are typically 30 to 40 feet 
in diameter and are fitted with a mooring ring or check posts for a point of attachment (see 
plate 33 in Appendix C). Cells are preferred by industry, especially upstream of a lock, because 
they provide a more positive tie-off for barges when a line boat is needed to assist with an 
emergency at the lock or to pull other cuts from the lock chamber during an N-up/N-down or self- 
help scenario at the lock. 
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Existing Condition - Exchange lockage tows 
can only pass well upstream of lock. 

UPSTREAM 

DOWNSTREAM 
Existing Condition - Exchange lockage tows 
can only pass well downstream of lock. 

Existing Condition 

Mooring Buoy - provides a waiting area for tows 
approaching lock, allowing exchanges to occur 

Mooring Buoy closer to the lock -7-13 min savings (each 

r 

direction). 
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Existinu Conditions. Most lock sites in the study area do not have existing mooring facilities 
either above or below the lock, or have limited facilities could be augmented or improved. Table 
4-41 shows the existing mooring facilities at the UMR locks, and Table 4-42 shows the existing 
mooring facilities at the IWW locks. The tables also identify the locations closest to the locks for 
a desired mooring facility. These locations were determined based on discussions with 
lockmasters and industry representatives (towboat captains/pilots) and review of prior reports. 

Plates in Appendix C show locations for adding moorings at all lock sites, including those 
locations which do not bring tows closer to the lock. The plates also show potential locations for 
remote makeup areas to be used in combination with switchboats pulling first cuts of double 
lockages. There should be no impacts to navigation during installation of mooring facilities. 
Environmental impacts will be added to the cost after they are quantified. 

Delav Reduction MethodoloNTime Savinas Estimates. Installation of adjacent mooring 
facilities benefits lock transit time if tows are able to moor closer to the lock while waiting their 
turn to lock through. This reduces the approach time to the lock after a moored tow starts its 
approach. Under present conditions, tows generally wait as close as they can to a lock. 
Installation of moorings where tows presently wait does not shorten the approach time, but having 
a dedicated mooring makes for safer operating conditions and moves tows off the riverbank, 
preserving shoreline vegetation. Also, fuel can be conserved if tows do not have to idle their 
engines to hold position (estimate 15 gal/hr to hold, 4 to 5 gal/hr idling out of gear). 

Table 4-43 identifies lock sites where additional moorings will bring tows closer to the lock 
and save time on their approach. The location of these moorings was discussed with lockmasters 
and with industry representatives (tow captains/pilots) during on-site lock visits and followup 
discussions. LPMS data from 1990 were used to estimate the potential savings in the exchange 
approach time for doubles approaching the lock. The estimated time savings is based on an 
average travel speed of 4.5 miles per hour (3.9 knots per hour) for the shorter distance traveled to 
the lock on an exchange approach. Savings of roughly one-half the double savings would be 
applicable to single lockage tows at all sites except Lock 24, where singles already can approach 
more closely. Single lockage tows save less time on average since they are smaller, more 
maneuverable, and in some situations can wait closer to the lock. Total benefits are nearly double 
those shown in Table 4-43 for exchange lockages since moving the mooring closer not only 
shortens the approach, it also shortens exit times by a comparable amount. 

Conditions Affectina Implementation. Conditions affecting implementation are few. Water 
depths appear sufficient at all sites for tows to access the identified mooring locations without any 
needed dredging or other channel excavation. Environmental impacts have to be considered and 
added to the cost side if detrimental. 

Cost. The estimated first cost for mooring buoys and land-based moorings is $50,000 each. This 
is based on historical costs for placement of these types of moorings. The first cost of a mooring 
cell is estimated at $500,000. These costs are considered to be fairly consistent for mooring 
placements at any of the above lock sites. In addition, annual maintenance costs of $5,000 per 
buoy and $20,000 per cell are anticipated. The environmental impacts from new moorings are not 
included in these costs since they are yet to be determined, but these impacts make up a potentially 
important component of the cost. 

Relationship to Other Small Scale Measures. Adjacent mooring facilities are related to remote 
makeup facilities used with switchboats or industry self help. Placement of either type facility 
(mooring facility or remote makeup area) has to be coordinated. Mooring facilities have to be 
located in consideration of any potential approach channel improvements implemented for a lock 
site. Adjacent mooring facilities can be used with all other small scale measures under 
consideration. 
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TABLE 4-41: PROJECT LOCATIONS AND EXISTING\DESIRED MOORING FACILITIES 
UPPER MISSISSIPPI RIVER 

Existing Mooring Facilities Desired Mooring Facilities 
Closest to Lock 

River 
Mile 

Upper 
Pool 

Lower 
Pool 

None 
None 

None 

None 

None 
None 

None 

None 

363.6RB 
2CELLS 

None 

None 

None 
None 

241.3LC 
BUOY 
None 

None 

Upper 
Pool 

Lower 
Pool 

583.8RC 582.5LB 

558.ORB 556.OLC 

None None 

493.7RB 492.5LC 

483.8LB 482.6LB 
457.9LB 456.8LB 

437.8LB 436.5RC 

411.OLB 409.7RC 

3655RB 361.7RB 

344.ORB 

325.3LB 

302.3RC 
274.ORB 

242.4RC 

342.8LC 

324.5RC 

300.8LC 
273.0RB 

241.3LC 

204.OLB 
BK ANC 

None 

200.6LB 
BK ANC 

None 

Lock Location 

11 583.0 Dubuque, IA None 

12 556.7 Bellevue, IA 557.4 RC CELL 

13 522.5 Fulton, IL 523.5 LC CELL 

14 493.3 Le Claire, IA None 

15 482.9 Rock Island, IL None 
16 457.2 Muscatine, IA None 

17 437.1 New Boston, IL None 

18 410.5 Gladstone, IL 411.6LC BUOY 

19 364.0 Keokuk, IA 365.ORB 2CELLS 

20 343.2 Canton, MO None 

21 324.9 Quincy, IL None 

22 301.2 Saverton, MO 301.8RC CELL 

24 273.4 Clarksville, MO 274.5RB BK ANC 
25 241.5 Cap au Gris, MO 242.1 RB BK ANC 

Mel Price 200.8 Alton, IL None 
Aux. Lock 

27 Aux.Lock 185.5 Granite City, IL None 
LB=Left Bank, RB=Right Bank, LC=Left Channel, RC=Right Channel, BK ANC=Bank Anchor 

TABLE 4-42: PROJECT LOCATIONS AND EXISTING\DESIRED MOORING FACILITIES 
ILLINOIS WATERWAY 

Existing Mooring Facilities 

Upper 
Pool 

Lower 
Pool 

Desired Mooring Facilities 
Closest to Lock 

Upper Lower 
Pool Pool 

River 
Mile 

291 .o 

286.0 

Lock Location 

Lockport, IL 

Joliet, IL 

Lockporl 

Brandon Rd 

LB WALL 290.9LB CELLS 

286.3RB CELLS 285.3RB CELLS 
NU NU 

272.OLB CELLS 270.9LC CELLS 

244.7LC 244.3RB NU BY 
245.ORB NU TOWS 

231.5LC None 

None 

286.1 RC 
WIND 

272.4RB 

248.OLB CH 

290.5LB 

285.ORB 

270.2LB 

243.3LB 

Dresden Is 

Marseilles 

271.5 

244.6 

Morris, IL 

Marseilles, IL 

Starved 
Rock 

Peoria 

La Grange 

231 .O Ottawa, IL 233.0RB 230.4LBlLC 

157.7 Peoria, IL 

80.2 Versailles, IL 

None 

80.9RB BUOY 
BROKEN 

None 158.OLC 157.OLB 

None 80.4RB 78.8LB 

NU=Not Used 
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12 556.6 UB 
14 493.3 DB 
14 493.3 UB 

16 
18 
20 
20 
22 
22 
24 
25 
Melvin 
Price 

La Grange 80.2 DB 80.9RB 80.4RB 500 0.5 7 

TABLE 4-43: COST AND PERFORMANCE OF ADJACENT MOORING FACILITIES 

Miter Gate 

RM 

457.2 UB 
410.5 UB 
343.2 DB 
343.2 UB 
301.2 DB 
301.2 UB 
273.4 DB 
241.5 UB 
201.6 UB 

Upper Mississippi River 

Wait at RM cost 
Exist New ($1,000’s) 

555.OLC 556.OLC 50 
494.6RC 493.7RB 500 
489.7LC 492.5LC 500 

455.5LC 456.2LC 50 
409.ORB 409.7RC 50 
346.OLB 345.OLB 500 
342.OLC 342.8LC 50 
303.6RB 302.3RC 500 
300.3RB 300.8LC 50 
274.5RB 274.ORB 500 
240.6RB 241.3LC 50 
199.6LB 200.6LB 50 

Illinois Waterway 

Miles Time Savings 
Closer Doubles (min) 1’ 

1 .o 
0.9 
2.8 

0.7 
0.7 
1.0 
0.8 
1.3 
0.5 
0.5 
0.7 
1.0 

13 
12 
37 (35% of 
the time) 

(*I 

:I 

7 
9 
13 

UB = Upbound Direction of Travel, DB=Downbound Direction of Travel 
(*) = Next mooring location (not closest to lock) 
l’ Approach time savings shown are for exchanges of double lockage tows. Similar savings for exchange exits are 
anticipated. Savings of roughly one-half this amount are anticipated for single lockage tows. 

Conclusions/Summary. There is an opportunity to reduce some delay at those lock sites where a 
mooring facility closer to the lock will shorten the travel distance for tows on exchange 
approaches and exits. For a turnback lockage, the tow is usually waiting at the lock guidewall. 
However, some tows may not want to approach the guidewall unless the gates are opened. A 
closer mooring facility would benefit this condition. Benefits for downbound tows are related to 
flow conditions since higher flows worsen the outdraft, which usually lengthens the approach 
time. 

Crew Elements 

Crew elements refer to those measures with potential to improve the process of breaking and 
remaking tows involved in double lockages. Crew elements are identified here as a small scale 
structural measure because of its implied relationship to any structural modification in the existing 
barge coupling mechanism. Two measures were recommended for detailed analysis in the 1995 
General Assessment of Small Scale Measures interim report: Universal Couplers/Hand Winches 
and Require Minimum Crew Size with Training. 

In addition to “Universal Couplers/Hand Winches” and “Require Minimum Crew Size with 
Training,” other measures were identified in the 1995 Universal Couplers and Crew Training 
report with potential to reduce the remake time of double lockages. These other measures are 
“Permanent Deck Winches” and “Additional Personnel.” A “Power-Operated Ratchet,” recently 
developed by industry, is also included as a potential time saver. 

The development of a simple, quick-operating, and universally adaptable coupler, winch, or 
ratchet for joining barges could save considerable time in breaking and remaking tows. 
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An experienced crew that is large enough to handle a lockage can save time in the breaking 
and remaking of tows. The 1995 Universal Couplers and Crew Training interim report assessed 
the time savings associated with improvements to barge coupling equipment, as well as minimum 
crew training requirements. This report reviews the current practice regarding hardware, 
procedures, and personnel training related to the lashing of barges into a tow configuration as 
practiced on the UMR and IWW. The report assesses the impacts that these practices have on the 
efficiency of moving tows through the locks on these two river systems and discusses the existing 
opportunities for increasing the efficiency of the lockage process through changes in current 
practice. The basic premise of the report was to identify the impacts to lock transit time with 
improved barge lashing equipment or processes. Typically, the recoupling of barges takes a 
longer time than the uncoupling, and, for this reason, the focus of this effort is on identifying an 
improvement in the recoupling time. The findings from this interim report and other information 
impacting crew operations are summarized here. 

Existina Conditions 

Hardware Used. The hardware used in coupling barges consists of a combination of the 
following: wire rope, chain and steamboat ratchets. Winches are occasionally used to tighten 
couplings, but the majority of couplings are tightened using a steamboat ratchet. 

Steamboat Ratchets. Couplings are set taut with the use of a steamboat ratchet, a type 
of turnbuckle with a ratchet attached to the barrel. The ratchet has a handle that can be extended 
with a “cheater bar” and pelican hooks on one or both ends. A “toothpick” may also be used to 
prevent the ratchet from turning as it is tightened. The steamboat ratchets are completely 
removable and act as fasteners between chain and/or wire rope. This device has been in use for 
many years and has become the industry standard in couplings (see Figure 4-10). 

Wire Rope and Chain. A 35foot length of wire with eyes in both ends is used for 
making couplings between barges. The ratchet is hooked to the small eye, and the large eye is 
placed over a timberhead. Other lengths of wire rope can be used for couplings by adding chain 
links and shackles to extend them to the ratchet. 

Sling. A sling, “hula hoop,” or strap is a loop of wire that has been spliced together at 
its ends. It can be used to attach a chain to a kevel by looping it over the fitting and securing the 
chain with a shackle. 

Procedure. The basic steps to “lay a wire” (attach a coupling) using a ratchet, wire, and 
sling, are as follows: 

1. Run out the ratchet. 
2. Place chain sling or strap over kevel. 
3. Attach small eye of wire to the ratchet. 
4. Lay the wire (run it around the timberheads). 
5. “Jerk” the ratchet towards the chain sling to “pop” the wire and remove the slack. 
6. Attach the ratchet to the chain sling. 
7. Tighten ratchet. (Always position it so it tightens inboard.) 
8. Use the cheater bar and toothpick to tighten the ratchet fully. 
9. Remove the cheater bar and toothpick. 
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FIGURE 4-10: “The Ratchet” 
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After the first section of the tow (first cut) has been locked through and pulled out and positioned 
along the guidewall, the lock chamber is turned back to receive the remaining barges and the 
towboat. After the second cut (powered cut) has been locked through and the lock gates opened, 
the towboat with remaining barges carefully pushes ahead and faces up to the first cut of barges. 
Once faced up, the deckhands and mate go to work remaking the lashings. First the wire rope 
must be threaded back and forth around the fittings of the two adjacent barges. Then, the free end 
is secured to the pelican hook of the ratchet. Finally, the ratchet must be properly tightened. Each 
of these operations is performed manually, and the lashings must be completed before the tow 
moves off the lock guidewall. 

Confiaurations. The wire couplings used to attach barges together have special names 
depending on their use. They include: fore and aft wires, backing/towing wires, and 
scissor/jacking wires (see Figure 4-l 1A). Fore and aft wires in a coupling are used to couple 
barges end-to-end. They can be either three-part wires or four-part wires, depending on how many 
times they traverse the break between barges (see Figure 4- 1 IB). 

Factors Affecting lmolementation of Hardware and Confiauration Chanaes. The 
following elements affect the hardware and configurations used for barge couplings: vertical 
differential between barges at the break coupling, size of barges, the ability to pick up and drop off 
barges during intermediate stops, the barge condition and adaptability to structural modifications, 
and the ease of obtaining the required equipment (new couplings and related hardware). 

Coast Guard Licensina and Testinq Reauirements. According to the Coast Guard 
Regional Exam Center in St. Louis, there are no testing or licensing requirements for deckhands 
on the inland waterways. 

Cortx of Enqineers Requirements for Lockaae. Navigation Notice 1-1998 (Mississippi 
Valley Division, Great Lakes and Ohio River Division) requires a minimum of three people to 
handle lines during a double lockage. The captain/pilot can not act as a deckhand. 

. Universal Coupler/Hand Winches 

Description of Measure. Industry continues to pursue improvements to the barge lashing system 
for time savings and increased worker safety. The aim of these efforts is toward a new 
lashing/coupling mechanism for use at all points in the tow, not just the lashings that are worked 
during a double lockage. By improving the lashing system in general, the time to remake lashings 
during a double lockage will also be favorably impacted. Since the development of new hardware 
and lashing procedures will benefit the towing industry as a whole and these benefits will accrue 
for all lashing activity, not just relashing at locks, the industry will continue its interest and 
support of the continued development of such improvements. 

However, the September 1995 Universal Couplers and Crew Training report concluded that 
while a universal coupler could be operated quickly resulting in significant time savings, the lack 
of existing technology for this application, combined with the investment cost to develop such a 
device, eliminates this measure from consideration. This concurs with the Berger Report (198 l), 
that also addressed the issue of “Universally Acceptable Couplers or Hand Winches for Joining 
Barges.” 
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FIGURE 4-1 IA: “Wires Most Commonly Used and Their Descriptive Names” 
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Source: The Deckhand’s Manual, by Joan Fassler, 1980 

FIGURE 4-11 B: “Basic Fore/Aft Wire” 
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n Require Minimum Crew Size with Training 

Description of Measure. This measure provides an experienced crew that is large enough to 
handle a lockage and save time in the breaking and remaking of tows. Training could reduce the 
variability involved in the makeup process. 

Industry abides by current regulations. Industry provides the required crew size of three 
people (the captain/pilot can not act as a deckhand) to handle lines during a double lockage as 
required by the Corps of Engineers’ Navigation Notice 1 - 1998. 

The 1995 Universal Couplers and Crew Training report concluded that crew training is 
commonly handled as “on-the-job” training, though formal training programs are provided by 
some of the larger barge lines. (The Coast Guard does not require testing or licensing 
requirements for deckhands on the inland waterways.) Crew skill is reflected in the time 
consumed in the lashing process. There is no clear indication that one form of training produces 
crews with greater skill levels than another form of training. The Universal Couplers and Crew 
Training report concluded, as did the Berger Report which also included “Crew Training” as a 
measure for consideration, that “the vast majority of the towing companies are responsible and 
their present manning and equipment standards could satisfy any reasonable regulation” and that 
“there is no way of estimating the number of (marginal) companies, or the expense required to 
implement such a program.” Thus, “standardization” of training for crews is eliminated as a 
method of reducing tow remake time. 

. Permanent Deck Winches 

Description of Measure. Some barge lines keep their equipment captive to their own fleets and 
have chosen to mount deck winches on the forward decks of all their barges. The deck winch is 
used in lieu of the steamboat ratchet to tighten the primary fore/aft lashings. The winch is 
permanently welded to the deck of the barge, and an ample length of wire rope is spooled on the 
drum of the winch. The speed of the unlashing, although not a significant element of total lockage 
time, could be substantially reduced. A deckhand must tighten the wheel of the winch slightly to 
permit the removal of the locking paw, then releasing the wheel. This simple step will “slack” the 
line sufficiently to permit its removal from all the timberheads and kevels. 

Once the tow is again faced up, the line can be remade and the wheel on the winch is cranked 
to tighten the line. Tightening a single line with a winch will take only a few minutes; the 
operation is much cleaner as there are no pelican hooks, chains, toothpicks, or cheater bars to deal 
with. Secondary benefits will accrue to the towing industry since the simpler, faster operation will 
occur every time the barge with the winch is lashed into a tow, whether this occurs at a lock or 
somewhere else in the system. 

Delav Reduction Methodolonv/Time Savings Estimates. The typical deck crew that handles the 
coupling and uncoupling of barges usually consists of three people-the mate and two deckhands. 
These three are responsible for remaking the two cuts after a double lockage. This coupling 
typically consists of five wires, each wrapped three to four times across the gap between barges. 
The kevel that is normally used for the sixth wire when the vessel is under way is used for the 
mooring lines when the unpowered cut is on the guidewall after locking through. Therefore, the 
sixth wire is typically not placed until after the tow has departed the guidewall. From the time that 
the cuts bump together until the tow leaves the guidewall, the major activity is remaking the five 
wires. Based on timing data collected for the 1995 Universal Couplers and Crew Training report, 
this process takes an average of 12 minutes. (The observed times varied from 7 minutes to about 
18 minutes.) 

Since most of the guidewalls on the UMR and the IWW are, like their lock chambers, only 
600 feet long, a portion of the tow and the towboat remains in the lock chamber during the remake 
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of a double cut. With the tow in this position, the lock gates can not be closed and the chamber 
can not be turned back to receive the next tow until the first tow has been completely made up and 
departed (see Figures 4-12A and B). This remake time causes significant delays at many locks in 
the study area during peak operation times. A reduction in the remake time is applicable to all 
double lockages and benejts all tows in the queue. 

The estimated time savings is in relation to the current remake procedure which, as described 
above, takes an average of 12 minutes as determined from a limited number of timed observations. 
This baseline time of 12 minutes is based on three people remaking five wires. Since there are 
five wires, two of the three deck crew have to perform each operation twice (three people lay a 
wire and tighten it, then two of the three lay another wire and tighten that one). Some of the 
following measures save time by freeing up this second operation of laying and tightening. Others 
reduce the laying time of the wire only, while others reduce the time to tighten. 

Assumptions: (Baseline) 
3 people on deck (mate and two deckhands) 
5 wires to lay and tighten 

Time: 12 Minutes (Baseline Estimate) 
3 minutes to lay the wire 
3 minutes to tighten the wire 
2 wires per person 

Time Savinas (Permanent Deck Winches) 

Assumptions: 

1 person lays the wire and then operates the winch 
Wire is permanently spooled on the winch 
All barges at the coupling have/can utilize the winch 

Time: 8 Minutes (4 minute savings, compared to the baseline time of 12 minutes) 
2 minutes/wire to lay x 2 wires/person = 4 minutes 
2 minutes/wire to tighten x 2 wires/person = 4 minutes 

LPMS data for 1990 show the exit time for all double lockages to be from 20 to 27 minutes on the 
UMR and from 26 to 35 minutes on the IWW. This time includes the face up time for the 
(powered) second cut, the reconnect time, and the exit time for the remade tow from the lock 
chamber. With deck winches, the new exit times would be reduced by 4 minutes. 

Conditions Affectina Implementation. The question has been raised that if the benefits are so 
great, why haven’t all the barges been fitted with the deck winches. The answers from industry 
are three-fold. First, the deck winches are expensive. Second, the fleet is essentially 
interchangeable and a barge owned by one company may frequently be found in the tow of another 
company. Therefore, the assumed benefit would not necessarily be accrued by the company that 
made the investment. Third, for the system to work, it would require a costly mandate that all 
barges (at least those to be used for double lockages) be retrofitted with deck winches or that new 
barge construction provide for permanent deck winches. 
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Complete Approach 
0:22 

Complete Entry 
0:14 

Some measure may produce minor time 
savings in breaking couplings. 

Lock 1st Cut 
0:oa 

Remove 1st Cut 
0:17 

Turnback Chamber 
0:08 

Complete Entry 2nd Cut 
0:08 

Lock 2nd Cut 
0:08 

Remake Tow 7 

Tow remake process improved through use 
of crew elements - savings 3-5 min. 

0:09 

Exit 
0:09 

Total Lockage Time 

Note: Approximate lockage time in hour:minutes. Diagram shows an exchange approach followed by a 
turnback lockage. 

FIGURE 4-12B: Double Lockage Elements - Crew Element Benefits 
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Cost. The estimated cost of the measure is made up of two components: (1) initial start up cost to 
include capital expenditures and training, and (2) the annual costs, including maintenance/upkeep 
and salaries/salary related expenses. Training time and its cost are considered insignificant, and 
maintenance cost is assumed to be similar to the cost of maintaining the existing lashing system. 
Here, only the initial capital cost of the measure is considered. Also, measures are not evaluated 
on who will bear the expense (industry or the government). 

To implement this measure, it was assumed that each barge in operation would need to be 
retrofitted with deck winches. There are a few exceptions to this because certain barge lines keep 
their fleet captive and some do not require double lockage. However, this is assumed to be a small 
percentage of the industry fleet. Therefore, the basis for this assumption was as follows: 

a. Current practice by most companies is to exchange barges on a regular basis for 
economic reasons. 

b. To minimize the amount of time that otherwise would be required to reconfigure the 
barge fleet if all the barges would not have deck winches. 

The cost of a single deck winch was estimated to be $1,000 for equipment and installation. Based 
on an industry fleet of 13,000 barges and four winches per barge, the initial capital cost would be 
$52 million or $4,00O/barge. In addition, annual maintenance costs of $400 per barge would also 
be required. 

Relationship to Other Small Scale Measures. Permanent deck winches are complementary to 
other small scale measures, including extended guidewalls, to get the remade tow off the wall 
sooner for an exchange exit lockage. 

Crew elements themselves seem mutually exclusive to each other, although the combination 
of permanent deck winches and additional personnel could be considered. 

. Additional Personnel 

Description of Measure. Since each tow has more wires to make between the first and second cut 
than there are deck personnel on duty, two deckhands are responsible for completing at least two 
lashings. If additional personnel were available at the lock, each person could be responsible for 
just one of the lashings. 

The process of relashing the two segments of a tow involved in a double lockage is the 
responsibility of the deckhands and the mate. The most common practice is for each of the 
individuals to take responsibility for one or two of the five fore/aft lashings. There is no particular 
order in which these lashings must be tightened or loosened; therefore, when the crew member 
completes one of the lashings, he moves on to the next one. 

This proposed efficiency measure would assign two experienced deckhands to each of the 
locks in the congestion area. After the unpowered cut of the tow is extracted from the lock and 
secured on the guidewall, the two extra deckhands would move to the deck of the barges. When 
the powered cut faces up to the unpowered cut, each person (five total) would take responsibility 
for remaking one lashing. Since all five lashings are being secured concurrently, the total remake 
process time would be reduced by one-half. When the lashing process is completed, the two 
additional deckhands would return to the top of the guidewall and await the next tow. 
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Time Savinas (Additional Personnel) 

Assumptions: 

2 additional persons for a total of 5 persons 
each person works a wire 
5 wires 

Time: 9 minutes (3 minutes savings, compared to the baseline time of 12 minutes) 

3 minutes to lay the wire 
4 minutes to tighten the wire 
2 minutes to exit tow (1 minute to climb lockwall ladder x 2 persons) 

LPMS data for 1990 show the exit time for all double lockages to be from 20 to 27 minutes on the 
UMR and from 26 to 35 minutes on the IWW. This time includes the face up time for the 
(powered) second cut, the reconnect time, and the exit time for the remade tow from the lock 
chamber. With additional personnel, the new exit times would be reduced by 3 minutes. There is 
some potential increase for inefficiencies associated with congestion on the deck. This is 
accounted for to some extent by a 1 minute increase in tightening time. 

Conditions Affectina Implementation. This approach to reducing lockage time does not require 
any capital expenditures. It is anticipated that there is a sufficient pool of experienced deckhands 
that would fill these positions during their 30-day rest periods (or persons in the local area who 
could be trained). The issues to be resolved are how to pay them and who will pay them. Three 
possible scenarios exist: 

1. They could become government employees; 

2. They could become employees of a local harbor service or switching company that 
would be under contract to the government; or 

3. They could become employees of a local harbor service or switching company 
whose services would be billed to the towing industry for each use. 

IJtilization would be required during periods mandated by the lockmaster (would need to be 
included in a Navigation Notice issued by the Corps of Engineers) in the same way that helper 
boats are required for specific river conditions. 

Cost. There are no capital expenditures to implement this measure. Annual cost would be the 
cost of the part-time or contract-hire personnel. There would be a cost for maintaining logs of the 
availability of a pool of workers. Assuming that the additional personnel are required to be at the 
locks in the congested area 24 hours a day during the peak traffic periods, the cost is estimated at 
$1,20O/day/lock (2 employees x 24 hours/day x $25/hour). The $25 cost assumes a multiple of 
2.5 to 3.0 times the average wage for this type of work to include the anticipated indirect 
operational cost. 

Relationship to Other Small Scale Measures. Additional Personnel is complementary to other 
small scale measures including extended guidewalls to get the remade tow off the wall sooner for 
an exchange exit lockage. 

Crew elements themselves seem mutually exclusive to each other, although the combination 
of permanent deck winches and additional personnel could be considered. 
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. Power-Operated Ratchet 

Descrbtion of Measure. A powered operated ratchet is a compact device that uses a 4- 
horsepower gas engine to power a hydraulic drive system that operates a specially designed 
wrench head to engage the barge (steamboat) ratchet. The device is portable and can be stationed 
on the center barge at the break couplings or possibly at the lock. The device allows one deckhand 
to follow behind the other two deckhands who are laying wires and tighten each wire in turn in 30 
seconds to less than a minute per wire. The unit improves safety by eliminating the use of cheater 
pipes and requiring less physical labor. However, the unit is heavy (32 lbs.) and could cause 
injury if mishandled. 

Time Savinus (Power-Operated Ratchet) 

Assumptions: 

3 people lay first 3 wires 
2 people continue to lay 1 additional wire 
1 person tightens all 5 wires 
5 wires to lay and tighten 

Time: 7 minutes (5 minute savings, compared to the baseline time of 12 minutes) 

3 minutes to lay the wire 
4 minutes to tighten all the wires 

LPMS data for 1990 show the exit time for all double lockages to be from 20 to 27 minutes on the 
UMR and from 26 to 35 minutes on the IWW. This time includes the face up time for the 
(powered) second cut, the reconnect time, and the exit time for the remade tow from the lock 
chamber. A powered ratchet reduces exit time by an estimated 5 minutes. 

Conditions Affecting Implementation. To some extent, the towing industry recently has started 
to use the power-operated ratchet with favorable opinion. There is no known condition adversely 
impacting implementation of this measure, other than safety from mishandling. 

Cost -- The unit cost is about $7,500. The learning curve to operate the unit is short, perhaps three 
or four lockages with on-the-job training. An option would be a lock-provided power ratchet 
instead of tow provided. Lock placement necessitates the placement of a ratchet with a hoist at 
both the upper and lower guidewalls at a point where the couplings are remade. A lock person 
would lower the ratchet after the first cut is tied off along the guidewall. After the second cut 
faces up to the first cut, the ratchet is available for tightening the wires. The lock person would 
then raise the ratchet after five wires were remade. The tow line would then be released from the 
wall and the sixth wire remade using the present procedure (cheater pipe) for tightening the wire. 

The first cost is estimated at $172,500. This includes $22,500 for three ratchets (one standby) 
and $75,000 for installation of a hoist mechanism at each guidewall. An additional lock person 
would be needed to operate the hoist on a 24-hour basis. This would be an added annual cost of 
$259,000. 
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RelationshiD to Other Small Scale Measures. The power-operated ratchet is complementary to 
other small scale measures, including extended guidewalls, to get the remade tow off the wall 
sooner for an exchange exit lockage. However, its use excludes the need for the other two crew 
element measures-permanent deck winches and additional personnel. 

General Conclusions/Summarv. Table 4-44 summarizes the advantages and disadvantages of 
the above measures. The relative low cost and limited testing of the tow-provided, power- 
operated ratchet could make it a viable measure for implementation, especially when its estimated 
time savings for remaking cuts is somewhat greater than other measures. However, potential 
injury from mishandling is a concern, and usage of the tool would be at the discretion of individual 
towing companies. 

TABLE 4-44: SUMMARY OF CREW ELEMENT MEASURES 

Measure 

Deck Winch 

Time Savings: 4 min. 
First Cost: $4,00O/barge, 
system cost 

Advantages 

Saves time 
Eliminates steamboat ratchet 
Safer to operate 
Secondary time/cost benefits 
Proven use (petroleum barges) 

Additional Personnel 

Time Savings: 3 min. 
Cost: $1 ,ZOO/day/lock 

Saves time 
Seasonal flexibility 
No permanent modifications 
No capital investment costs 
Minimal training required 

Power-Operated Ratchet 

Time Savings: 5 min. 
First Cost: $7,50O/unit/tow 
provided 

Saves time 
Can be safer to operate than cheater 
pipes 
No permanent modifications 
Proven use, although limited to date 

Disadvantages 

Major capital expenditure 
Operational benefit not always 
realized by investor 
Used by many companies 
Stays with barge, not towboat 
Requires higher maintenance 

Availability when needed 
Organizational/pay arrangement 
Some non-productive time 
Liability concerns 

Short-term history of operation 
Heavy and could lead to personal 
injury if mishandled 

$172,50O/lock provided plus 
Portable 

$259,000 annual operating cost 
cost 

Approach Channel Improvements 

Backaround. Approach channel improvements can consist of many different measures and 
combinations of these measures to increase safety and reduce the approach time to a lock. 
Approach channel improvements are usually considered within a 1 S-mile travel distance from the 
lock. The 1995 General Assessment of Small Scale Measures report listed several potential 
measures under the category heading of “Improvements to Approach Channels.” These included: 

Approach Channel Widening/Realignment 
Adjacent Mooring Facilities 
Funnel-Shaped Guidewalls 
Wind Deflectors 
Extended Guidewalls 
Add Guide Cells 
Reconfigure Bullnose 
Radar Reflectors 
Electronic Guidance System 
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The General Assessment report screened most of the above from further consideration because 
they “do not reduce delays (congestion) at locks or are economically inefficient.” Approach 
Channel Widening/Realignment was not recommended because it was deemed “not cost 
effective.” Adjacent Mooring Facilities and Extended Guidewalls were recommended for further 
analysis and are addressed in this report. 

Demonstrated Value of Approach Channel Imwovements. Approach Channel Improvements 
include Approach Channel Widening/Realignment, which is the widening or realignment of the 
channel and installation of river training structures or submerged dikes in the lock approach area 
to improve the tow path or direction the tow travels when approaching a lock. Model testing of 
Locks 22 and 25 at the Corps of Engineers Waterways Experiment Station (WES) demonstrated, 
among many other things, that the addition of a dike field above Lock 22 aligns the flow with the 
lock chamber and creates a straighter, more efficient downbound tow path to the lock. The 
estimated cost of only adding the dike field (5 dikes), while being expensive, could save 
appreciable time on a downbound approach to the lock. Testing also showed the improvements 
that other measures could make in the lock approach, including the addition of a 1,200-foot 
guardwall to Lock 22 along with the dike field above the lock. 

It became apparent from the model studies that the addition of approach channel improve- 
ments and the potential time savings they provide at relatively less cost (compared to new lock 
construction) make approach channel improvements a potentially viable option to reducing lock 
transit time and subsequent delays. It was decided, therefore, to revisit the performance value of 
Approach Channel Improvements as applicable to the lock sites within the Navigation Study area. 

In addition to the potential to improve approach time, another benefit is the opportunity to 
greatly increase safety and lower the rates of accidents. 

Improvements Evaluated. Approach improvements included not only approach channel 
improvements, but structural improvements or additions to the lock facility as well, such as 
extended guidewalls or new 1,200-foot guardwalls that alone provide incremental time savings 
benefits to the lock approach at some locks. The evaluated improvements are listed below, 
generally in order of increasing magnitude of time savings. These measures are shown on Figure 
4-13. 

1) Extended guidewalls 
2) Channel improvements 
3) Extended guidewalls plus channel improvements 
4) Location 3 (auxiliary lock/miter gate bay) guardwall alone 
5) Location 2 (existing lock) guardwall alone 
6) Channel improvements plus a location 3 guardwall 
7) Extended guidewalls plus channel improvements plus a location 3 guardwall 
8) Channel improvements plus a location 2 guardwall 

Without site-specific model studies, there is a limited basis for estimating the time savings 
that would be achieved by these measures at each site. Due to the uncertainties in quantifying 
potential time savings, the study team held a Lock Approach Assessment Workshop to collectively 
assess potential approach improvements to locks under the system study and to approximate their 
time savings potential when compared to existing approach conditions. The existing conditions 
were earlier determined from previous lock site visits and included input from lockmasters, 
industry representatives (tow captains/pilots), and a lock site survey analysis. Participants at the 
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Existing Condition 

Guidewall Extension 
O-3 min savings downbound 
O-2 min savings upbound - (not shown) 

Channel Improvements 
l-6 min savings downbound 
O-4 min savings upbound - (not shown) 

Guidewall Extension and Channel 
Improvements 
2-7 min savings downbound 
2-5 min savings upbound - (not shown) 

Aux Lock (Location 3) Guardwall 
2-6 min savings 

FIGURE 4-13: Existing Approach and Potential Approach 
Improvements Downbound Direction (page 1 of 2) 
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Ext Lock (Location 2) Guardwall 
2-14 min savings 

Aux Lock (Location 3) Guardwall and 
Channel Improvements 
3-10 min savings 

Guidewall Extension, Aux Lock 
(Location 3) Guardwall, and 
Channel Improvements 
3-11 min savings 

8) 
Ext Lock (Location 2) Guardwall 
and Channel Improvements 
2-l 7 min savings 

Arrows Indicate General Direction of Currents 

Indicates Outdraft Currents - Moving tow towards dam. 

l indicates No Outdraft Currents - Flow aligned with the lock approach. 

Time Savings indicate average savings for exchange lockages. 

FIGURE 4-13: Existing Approach and Potential Approach 
Improvements Downbound Direction (page 2 of 2) 
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workshop included Corps of Engineers staff from various offices, including the Waterways 
Experiment Station. Field data, physical and numerical model results, and the experience of the 
team members were the basis for approximating the approach time savings using a rating system 
for the approach improvements at each of the UMR lock and dam study sites. The benchmark for 
this rating system is the maximum improvement obtained in the Lock and Dam 22 physical model 
testing. This site currently has the longest fly approach times (i.e., approaches that are not 
influenced by other tow movements). Therefore, the best improvement at Lock and Dam 22 is 
thought to be the upper limit of improvement at other sites. 

In the physical model, the maximum improvement achieved for the typical (50 percent 
duration) flow was a 35 percent reduction in the downbound approach time for Lock and Dam 22. 
Each of the improvements was rated on a 0 to 10 scale representing the relative level of 
improvement. With this scale, a rating of 10 equals 35 percent improvement and a rating of 
0 equals no improvement. In general, the percent time savings equals the rating divided by 10, 
times 35 (e.g., a rating of 1 is estimated to yield l/IO x 35 = 3.5 percent improvement). The 
estimated percent savings was then multiplied by the known approach times from the LPMS 
timing data and that value (savings in minutes) was subtracted from the approach time to give the 
new approach time. 

Improvements to existing upbound approaches and their potential time savings, although less 
significant than downbound approach improvements, were also evaluated on the same 0 to 10 
scale. Upbound approach improvements include the lower guidewall extension, channel 
improvements, and combinations of these. 

Mean values from 1990 LPMS data were used in estimating the potential time savings for 
each improvement. Tows requiring a double lockage (doubles) were used in the time savings 
analysis. Doubles comprise about 80 percent of the commercial traffic and, because of their size 
(1,200 feet long) and inherent maneuvering problems, benefit the most from these improvements 
which reduce maneuvering, especially by downbound tows due to outdraft. Both the fly approach 
and the exchange approach benefit by improved approach conditions. For the system study, it is 
assumed that there is minimal, if any, net lock transit time savings for a turnback approach, which 
benefits from approach improvements, but endures some waiting time for the lock to be turned 
back. 

Table 4-45 shows the 0 to 10 scale rating for each of the approach improvements by lock site 
from which the percent savings was computed. These values are shown converted into time 
savings on subsequent tables. The 0 to 10 rating values for combinations of approach 
improvements are not obtained from adding the ratings of individual channel improvements. In 
many cases, two channel measures together provide only a fraction of the sum of their individual 
improvements. The diminishing returns are due to the fact that the individual measures are 
addressing the same problem of how to improve the efficiency (and safety) of the lock approach. 

Some measures are not feasible by themselves but become viable in combination with 
channel work. This is demonstrated at the following lock sites: 

At Lock 14, a location 2 guardwall (upstream extension of the riverside lockwall) is not 
recommended as a stand-alone measure. Extensive channel work, however, allows for a location 2 
guardwall, and this combination provides a better lock approach. 
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ABLE 4-45: RELATIVE IMPROVEMENT OF INDIVIDUAL AND COMBINATIONS OF “CHANNEL” IMPROVEMENTS 
UPPER MISSISSIPPI RIVER LOCKS 

UPPER LOCK APPROACH LOWER LOCK APPROACH 

1 2 3 4 5 6 7 a 1 2 3 

LOCK. EXTENDED CHANNEL LOC 3 LOC 2 EXTENDED CHANNEL 

NO GUIDEWALL IMPROVEMENT 1+2 GRD WALL GRD WALL 2+4 1+2+4 2+5 GUIDEWALL IMPROVEMENT 1+2 

25 0 to 1 2 to 3 2 to 4 3 to 4 NR 5 to 6 6 to 7 9to 10 0 to 1 3 to 4 4 to 5 

24 0 to 1 3 to 4 3 to 5 3 to 4 2 to 3 5 to 6 6 to 7 9to10 1 to 2 2 to 3 3 to 4 ~ ~_ ~_ ~~~ _~~ 
22 0 to 1 3 to 4 3 to 5 3 to 4 NR 5 to 6 6 to 7 9to10 0 to 1 NR NA 

21 0 to 1 3 to 4 3 to 5 NR NR 5 to 6 6 to 7 a to 9 1 to 2 NR p-m--K 

20 0 to 1 3 to 4 3 to 5 NR NR 5 to 6 5 to 7 9 to 10* 0 to 1 3 to 4 3 to 5 

19 NA NR NA NA 4 to 6 NA NA 3 to 4 MOD GRWL 1 to 2 2 to 3 4 to 5 

78 2 to 3 1 to2 3 to 5 NR NR NR NR NR 2 to 3 NR NA 

17 oto 1 3 to 4 4 to 5 4 to 5 9to 10 5 to 6 6 to 7 NR NR 3 to 4 4 to 5 

IS 0 to 1 5 to 6 5 to 6 NR NR 6 to 7 6 to a 9to10 2 to 3 2 to 3 2 to 4 

15 NR 5 to 6 NA NR NR 6 to 7 NR at010 0 to 2 2 to 4 3 to 5 

14 0 to 1 3 to 5 3 to 5 NA NR NA NA a to lo* 2 to 3 0 to 1 3 to 4 

13 0 to 1 NR NA NR NR NA NA NA 0 to 1 NR NA 

12 0 to 1 NR NA 5 to 7 9to 10 NA 6 to a NA 0 to 1 1 to3 3 to 5 

11 NR 3 to 5 3 to 5 3 to 4 NR 5 to 6 5 to 7 at010 0 to 2 NR NA 

:ol 8 (2+5) includes removal of the existing guide wall and bank shaping 

Example of estimated time saving for Lock 25 channel improvements 
0.2 x 0.35 x 23.6 = 1.7min. (minimum potential saving); 0.3 x 0.35 x 23.6 = 2.5 min. (maximum potential savings) 

0.2 = 20% of total potential savings 
0.35 = 35% total potential saving based on field and model data for L/D 22 

23.6 = mean approach time from lock timing data (1990 double lockages-downstream direction-fly approach) 

ILLINOIS WATERWAY LOCKS 

UPPER LOCK APPROACH LOWER LOCK APPROACl- 

1 2 3 4 5 1 2 3 

LOCK EXTENDED CHANNEL LOC3 Loc2- EXTENDED CHANNEL 

GUIDEWALL IMPROVEMENT I+ 2 GRD WALL GRD WALL GUIDEWALL IMPROVEMENT I+2 

A GRANGE 0 to 2 1 to 3 2 to 4 NA a t0 IO* 0 to 1 1 to 2 1 to 3 

‘EORIA 2 to 4 1 to 3 3 to 5 NA NR 0 to 1 NR NA ~~~ __~~ 
STARVED RK NR NR NA NA NR 0 to 3 7to10 7to10 

AARSEILLES NR OTO5;lO NA NA NA 1 to 3 NR NA 

)RESDEN IS 1 to 3 NR NA 7 to 9 at0 10 NR 3 to 7 NA 

3RANtiON RD NR 0 to 3 NA NA NR NR 1 to 3 NA 

MOCKPORT NR NR NA NA NR NR NR NA 

\lR = Not recommended, NA = Not Applicable 
Requires extensive channel excavation for an existing lock guardwall (10~2). 
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At Lock 16, a location 3 guardwall (upstream extension of the auxiliary gate bay riverside 
wall) is not recommended as a stand-alone measure. If extensive channel work is included, the 
location 3 guardwall can be included and together provide a better downbound lock approach than 
the channel work alone. 

At Lock 17, the lower guidewall can not be extended without doing extensive bank 
excavation. Bank excavation alone, however, makes the approach to the existing guidewall better. 
Bank excavation plus a guidewall extension is a better improvement. 

While approach time savings estimates for other UMR lock sites are made here for the 
systems study based on the extensive Lock 22 model study, model studies should also be done 
during site-specific studies for other lock sites to determine and verify appropriate channel 
improvements. A less costly option for model studying other lock sites may be the use of a micro 
model that has been successfully used in determining if improved approach conditions could be 
achieved at Lock 24. 

The Lock 22 model study results are not applicable to the locks on the IWW. Flow 
characteristics differ for the IWW. The waterway is narrower and the outdraft above the locks is 
not as severe as on the UMR. Since the approach channel improvements are aimed primarily at 
reducing the existing outdraft impacts to the lock approach time, the relative improvements these 
measures provide to IWW locks are not comparable to the estimated improvements at the UMR 
locks. Therefore, the 0 to 10 rating that was used as a factor in estimating the potential time 
savings for the UMR locks is used only to identify the relative magnitude of potential 
improvement between improvements identified for each of the IWW lock sites. 

The IWW improvements should provide a safer lock approach. However, with the exception 
of improving the downbound approach canal to Marseilles Lock, the reduction in lock approach 
time at the Illinois Waterway locks is considered negligible. Navigation model studies may 
identify potential time savings from these improvements, including the realignment of the upper 
approach channel at La Grange Lock. 

A somewhat different method to estimate potential time savings was required at Marseilles 
Lock. The primary potential benefit is the opportunity to improve the current situation where tows 
can not pass in the roughly 2.5-mile-long canal leading to the lock. This means that tows making 
an exchange approach must either be waiting at the existing mooring site right by the lock when 
the exiting tow starts up the canal or be forced to wait at the next nearest mooring, Ballard’s Island 
(roughly 3.5 miles above the lock). A detailed analysis of 1996 LPMS data revealed that nearly 
75 percent of the exchange lockages were able to occur with tows waiting at the mooring right at 
the lock. In these situations, the entire exchange (exchange exit plus exchange approach) averaged 
just over 30 minutes. In contrast, the approximately 25 percent of exchange lockages that did not 
occur right at the lock averaged roughly 140 minutes. This difference is related to the additional 
travel time. However, if a passing area were provided in the canal, tows could pass one another at 
an intermediate point, reducing the average delay. By moving the exchange point to 
approximately 1.5 miles above the lock, the potential site of a passing area, the average difference 
could be reduced by 55 to 60 percent. This would provide an average savings of roughly 
60 minutes per exchange (30 minutes per exchange exit and 30 minutes per exchange approach). 

Cost. The construction costs were estimated from quantities for each of the above eight 
improvements where applicable at each lock site. An additional cost of $450,000 for a model 
study must be added to the cost of the improvement measures where applicable to identify the 
optimum approach improvement. Locks 22 and 25 are excluded from this additional cost since 
model studies have been completed for these two sites. 

At UMR lock sites, construction activities can be completed during the winter closure, and, as 
such, impacts to navigation during construction are anticipated to be minimal. IWW sites do not 
have a comparable period of winter closure. As a result, IWW navigation impacts were quantified 
in terms of the needs during construction (helper boats, switchboats, temporary remote remake 
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areas) and impacts to industry due to anticipated delays and closures, shown on construction time 
lines in Appendix D. 

Environmental impacts are an important additional component to the cost. These impacts 
will be added to the cost by the Environmental Work Group. 

Summary of Approach Channel Improvements 

Each of the eight potential approach channel improvements is discussed below. The cost and time 
savings (performance) for the potential improvements are summarized in tables for each lock site 
as applicable. 

1. Extended Guidewalls 

Descrbtion of Measure. The existing upstream and downstream 600-foot landside guidewalls 
are extended to 1,200 feet (see Figure 4-14A). 

The actual total time savings associated with extended guidewalls can be broken down into 
four components as briefly discussed in the “Extended Guidewalls” section of this report. These 
components are: (1) the reduction in approach time, (2) reduction in the extraction time of the 
first cut of a double lockage (when used with tow haulage or additional towboat power), (3) 
reduction in chambering time from faster emptying of the chamber on downbound cuts, and (4) 
reduction in chambering time by allowing the remake of a double lockage to occur outside the 
lock chamber along the extended guidewall. This section discusses the potential reduction in 
approach time. 

Upstream guidewall extensions allow tows to be in a more controlled state farther up the 
approach, lessening the impacts from dam outdraft on their downbound approach to a lock. The 
upper extension provides a larger target for tows to steer toward and easier maneuvering of their 
stern to the guidewall for securing a line to the wall and working the head of the tow to the wall 
for proper alignment and entry into the lock chamber. 

Downstream guidewall extensions provide a larger landing surface for upbound tows that 
typically are not subjected to outdraft. 

Time Savinas. Except for Lock 18, whose downbound approach times would be expected to 
decrease 2 to 3 minutes, the other UMR lock sites are expected to have a l-minute or less decrease 
(improvement) in approach time. The upbound approach times decrease by about 1 minute. Table 
4-46 shows the new fly and exchange approach times for the pertinent lock sites. The improved 
fly and exchange approach times were determined using the average relative improvement ratings 
from column 1 of Table 4-45. The calculated savings were subtracted from the existing times to 
obtain the improved times. The revised standard deviation is proportional to the ratio of the new 
mean time to the existing mean time. 

Conditions Affectina Imolementation. Refer to the “Extended Guidewalls” section of this report 
for lock locations where guidewall extensions are not applicable for the UMR and IWW locks. 
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1 Doubles: Flv / ,9p,“,“d,“,‘l 1 1 Doub’es’ New 11 1 Double / Doubles; New Fly Exchange Approach Double Exchange _ 
Impacts to Approach Time Approach time Approach Time 

Cost ’ Navigation’ Mean Std. Mean Std. Mean Std. / Mea.“r Std. 1-1 Length 
(fi) 

US NR 
DS 700 
US 683 
DS 700 
us 683 
DS 700 
US 683 
DS 700 
US NR 
DS 402 
us 683 
DS 700 
US 683 

DS 700 

us 683 
DS 700 
US NA 
DS 600 
us 663 
DS 700 
US 683 
DS 700 
US 683 
DS 700 
US 682 
DS 684 
us 689 
DS 684 
US NA 
DS NA 

US 600 
DS 1,200 
US NR 
DS NR 
US NR 
DS NR 
us 622 
DS NR 

US NR 
DS 603 
US NR 
3S 606 

JS 700 
5s 700 
JS 575 
Xi 650 

JS 683 
3s 675 

f 

IS 632 
IS 640 

Lock Site ($1,000’s) 1 (w.ooa’*) Values Deviation Values Deviation Values Deviation 1 Values 1 Deviation11 Sa 

I NR 1 NR I 28.1 1 12.5 1 16.3 1 10.6 IlTt 11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

24 

25 

MEL 
PRICE 

27 

LOCK 
PORT 

BRAN- 
DON 

DRES 
DEN 

MARS 
EILLES 
STARV 

ED ROCK 
PEO 
RIA 
LA 

GRANG 
Average 

IMR 11-25 

13,116 0 17.5 8.1 11.0 
27,310 0 20 5 9.7 185 
12,684 0 15.7 6.4 14.6 
22,730 0 18.0 7.7 16.0 
13,138 0 13.7 6.5 12.6 
22,100 0 24.4 12.3 16.9 
11 178 0 15.3~ 86 17.6 - 

NR NR 
7,726 0 

21,330 0 
,3 754 ” 

NR 
22.6 
12.6 
9.0 .-,.-. 

1 23,580 1 0 1 40.5 1 154 15.1 
N/ ^ 

12.9 
12.3 

4” 11 NA” NA” 

2.8 1.8 
114 1.7 

13,546 0 21.9 
22,230 0 32.1 
13,263 0 16.1- 

NA NA 17.7 
9,617 0 18.3 9.2 29.0 27.5 ) 

23,070 0 31.7 15.2 18.3 
10,904 0 30.9 15.2 22.3 21.9 1 
22.880 0 33.3 14.4 22.6 

I 15 ma” ” I 777 I 
32.7 
71 5 

14.1 
184 

12.8 

. _ , _ “ _  - - .  -  -  -  -  

1 24,000 1 0 1 49 9 1 15.9 1 27.9 
I  

490 1 15 6 1 27.4 1 17.8 11 0.9 1 0.5 
12,226 

t- 
20,200 
10.640 

0 
- 

0 
0 

35.9 

t 
22.2 
15.9 

~14.6 23.6 132 
121 I 22.8 I 155 

1 27,000 1 0 I 23.8 I 128 I 19.0 I 10 

upstream, DS = downstream, NA = not applicable, NC = no change, NR = not recommended “b = 
NOTES: 
1, An additional cost of $450k/site IS anticipated for a model study to verify the site specific optimum. The environomental impacts are not included 
in the costs since they are yet to be quantified. However, they make up a potentially important component of the cost (Impacts) side. 
2. These costs are for switch boats, helper boats and temporary remote remake areas. Also Included are economic impacts to the 
navigation industry (i.e., delays and closures) that are shown on construction timelines at Appendix D. 

3. A guidewall extension is infeasible as a stand-alone improvment measure at this site Channel work would also be required. 
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Cost. Construction costs for extending both upper and lower guidewalls at the pertinent UMR 
lock sites range from about $30 to $40 million per site initially, with additional annual 
maintenance costs of $60,0000 per lock site ($30,00O/wall extension). Refer to the “Extended 
Guidewalls” section of this report for the costs and impacts to navigation during construction of 
the guidewall extensions at the pertinent lock sites. Table 4-46 summarizes the costs. The 
environmental impacts must be added to the costs. Guidewall extension costs are less for the 
IWW locks but impacts to navigation are high since there is year-round navigation on the IWW. 
Locks are not closed to navigation as they are on the UMR to allow for staged construction of the 
guidewall extensions. 

RelationshiD to Other Small Scale Measures. Extended guidewalls alone provide for a safer, 
slightly reduced lock approach time and are complementary with most measures. The downbound 
lock approach time is further reduced when guidewall extensions are combined with channel 
improvements. Extended guidewalls used with powered or unpowered kevels or additional 
towboat power allow the remake of a double lockage outside the lock chamber, thus allowing a 
quicker tumback of the lock chamber for a tumback exit lockage. 

ConclusionslSummarv. Extending the existing lock guidewalls allows for a safer lock approach 
and slightly reduces the lock approach time. Guidewall extensions provide yet a greater reduction 
to the overall lock transit time when combined with other small scale measures to extract the first 
cut of a double lockage faster from the lock chamber and to allow for tow remake outside the 
chamber along the extended guidewall. 

2. Channel Improvements 

Descrbtion of Measure. Channel Improvements can be one or several additions to the approach 
channel to better align the tow with the lock before the tow bow (front of the barges) gets to the 
lock approach wall. A good, safe, efficient lock approach is important in the overall locking 
process. Locks built 50 to 60 years ago and their lock approaches were not designed to handle the 
size (length) of today’s tows. Additional transit time is added to the locking process when tows 
maneuver excessively to align with the lock chamber. This can be due in large part because of 
unfavorable cross currents or an inadequately aligned approach channel or a combination of both 
and other factors requiring tow captains/pilots in some cases to bring the tow to a stop, back up a 
distance, and then proceed forward to the lock. 

Downbound tows have greater approach difficulties than upbound tows because of the 
outdraft that is common at most UMR locks. An outdraft is a current that flows from the upstream 
shoreline across the lock approach to the dam gates. This current requires tows to flank their 
approach for some distance above the lock, maneuvering their stem to the shoreline as they 
approach the lock guidewall. Outdraft is especially severe during higher than normal river flows 
when currents are swifter. For upbound tows, the flow, which spreads out below the dam toward 
the shoreline, helps push the tow to the lower landside guidewall, thus making for an easier 
upbound approach most of the time. Sometimes this current pins a tow along the lower guidewall, 
making downbound exits from the wall difficult. 

In general, a straight approach of three tow lengths or 3,600 feet from the end of the approach 
wall (a 1,200-foot guidewall or a 1,200-foot guardwall) is desirable for the downbound approach. 
Two tow lengths or 2,400 feet is considered a minimum for the downbound approach. This 
criteria can be relaxed for the upbound approach on a site-specific basis since tows are not 
subjected to a severe outdraft. 

Outdraft is not as severe a problem at locks on the IWW, especially at locks above Peoria 
Lock. Peoria Lock and La Grange Lock both have wicket gate dams that allow open pass travel 
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(bypass the lock) when the wickets are lowered during high river flows. The two tow-length 
criteria can be relaxed for the downbound approach as well as the upbound approach. 

Figure 4-14B shows the various measures considered to provide a better approach channel. 
Following is a brief description of each measure: 

Submerged dikes (groins) are placed above the lock to reduce the magnitude of the outdraft. They 
are constructed of rock, and their top elevation is a minimum of 15 feet below pool elevation. If 
the water is deep enough, 20 feet is preferred. 

Dike fields are placed upstream of the lock to reduce the outdraft. They are constructed of rock, 
and their top elevation is usually 2 feet above pool elevation. They are placed perpendicular or at 
a slight angle to the shoreline. The distance between the dikes varies, but commonly they are 
placed about 1,000 feet apart. 

Vane dikes are placed parallel to the channel to reduce the current to the dam from the shoreline 
(outdraft). They can be used when the distance from the riverbank to the channel’s edge is too far, 
making placement of dikes from the shoreline uneconomical. These dikes are constructed of rock 
with their top at 2 feet above normal pool elevation. They are set back from the navigation 
channel and have gaps between them to allow some passage of flow. 

All of the above tend to align the river flow with the lock chamber. 

Dredging/bank excavation is recommended if the channel needs to be shifted to better align with 
the lock, especially for the downbound approach, where a straight alignment is desired for two tow 
lengths (2,400 feet) minimum above the lock approach wall. Dredging/bank excavation can be 
recommended downstream to make the approach/exit more efficient near the approach wall. 

Trail dikes are angled off the downstream end of the riverward lockwall to keep flow from pinning 
downbound tows on the lower approach wall, making their exit difficult. These dikes are 50 to 
100 feet long and are constructed of rock. A short concrete wall can be a more permanent 
solution. 

Time Savinas. At sites where channel improvements are applicable, the downbound approach 
times decrease by approximately 3 minutes (range 1 to 6 minutes). The average upbound 
approach times decrease by about 2 minutes. The improved fly and exchange approach times were 
determined using the average relative improvement ratings from column 2 of Table 4-45. Table 4- 
47 shows the estimated improved approach times. The calculated savings were subtracted from 
the existing times to obtain the improved times. The revised standard deviation is proportional to 
the ratio of the new mean time to the existing mean time. Marseilles Lock is an exception where 
savings of approximately 60 minutes or more are possible on roughly 25 percent of exchange 
lockages (30 minutes savings on upbound exits/30 minutes on downbound approaches). 

Conditions Affectina Imelementation. Environmental impacts affect the implementation of this 
measure and are being quantified. Disposal of potential dredged material is of concern, especially 
large quantities. 

Identified channel improvements are listed below for each lock site, and these improvements 
are shown on plates 1 through 27 of Appendix C. A straight approach of at least two tow lengths 
is provided for the downbound approach unless otherwise noted below. 
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UpDer Mississiwi River Locks 

Lock 11: Plate 1. US, Reconstruct the wing dike located 1,900 feet above the lock and add a dike 
1,000 feet above it. Add three vane dikes above the newly constructed dike to shift the navigation 
channel 500 feet east. No dredging is required. DS, No improvements identified. 

Lock 12: Plate 2. US, No improvements identified other than straightening (filling in) of the 
bankline above the lock. Cost and benefits identified with the extension of the upper landside 
guidewall. DS, Shorten the wing dikes along the left descending bank. Add a trail dike off the 
riverside lockwall. 

Lock 13: Plate 3. This lock has as efficient approaches. US, No improvements identified. DS, 
No improvements identified. 

Lock 14: Plate 4. US, Dredge the pocket area above the lock to the breakwater and riverward of 
the breakwater. (Have 0 tow lengths of straight approach.) DS, Add a trail dike off the riverside 
lockwall. Dredge below the extended guidewall area. 

US Expanded Channel Realignment: Plate 5 (For l/2 tow length of straight approach above a 
1,200-foot existing lock guardwall.) Need to extend the channel excavation landward of the 
breakwater into the Le Claire Canal. 

Lock 15: Plate 6. US, Add a system of five submerged dikes above the lock. (Have 0 tow lengths 
of straight approach.) DS, Add a trail dike off the end of the auxiliary lock river wall. Add a 
deflection dike at the outlet of Sylvan Slough. 

Lock 16: Plate 7. US, The maximum improvement is a channel shift. With just a guidewall 
extension (have 0 tow lengths of straight approach), there is little improvement in the downbound 
approach time. DS, Add a trail dike off the riverward lockwall. 

Lock 17: Plate 8. US, Add a system of tive dikes above the lock only with a guidewall extension. 
Shorten the two wing dams above the dam to open up the flow area. DS, Excavate the riverbank 
below the guidewall. 

Lock 18: Plate 9. US, Dredge small area at RM 411.3. (Have less than 1 tow lengths of straight 
approach.) DS, No improvements identified. 

Lock 19: Plate 10. This is a 1,200-foot lock. US, The approach has been model studied. From 
the model study, placement of the four submerged dikes above the lock is a small improvement 
and alone is not recommended. Placement of the dikes is in conjunction with the non-standard 
guardwall shown here which gives a slightly better approach. Plate 11. This plan shows a ported 
guardwall. (Have 0 tow lengths of straight approach.) DS, Dredge the area below the lock (rock 
excavation) to provide a wider turn area and extend the lock riverside wall 600 feet to protect tows 
from the dam outflow. 

Lock 20: Plate 12. US, Straighten the bankline with fill. Place three submerged dikes. Dredge 
the area above the lock to widen the turn. (Have 0 or 1 tow length of straight approach depending 
on the extent of the channel widening.) DS, Dredge the area below the lock for better 
approach/exit conditions. 
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Lock 21: Plate 13. US, Fill and straighten the bankline immediately above the lock. Excavate the 
riverbank to widen the channel above the lock. Place five submerged dikes above the lock to 
reduce outdraft. (Have 0 tow lengths of straight approach.) DS, No improvements identified. 

Lock 22: Plate 14. US, Add five dikes above the lock to align the current with the lock and 
reduce the outdraft. DS, No improvements identified. 

Lock 24: Plate 15. US, Add 3 wing dikes. DS, Add a trail dike off the end of the riverward 
lockwall. 

Lock 25: Plate 16. US, Shorten the L-head dike located about 3,900 feet above the dam and 
realign the channel to about 5,000 feet above the dam. DS, Channel excavation including the right 
descending riverbank at RM 240.8 provides a straighter approach/exit from the approach wall. 

Melvin Price Locks and Dam: Plate 17. No identified channel improvements. 

Lock 27: Plate 18. No identified channel improvements. US, A cell 400 feet upstream of the 
existing cell may assist with the downbound approach alignment. 

Illinois Waterwav Locks. The identified improvements should provide a safer lock 
approach. With the exception of improving the upper approach canal at Marseilles Lock, the 
reduction in approach times is considered negligible. 

Lockport Lock: Plate 19. US, No identified channel improvements. DS, No identified channel 
improvements. 

Brandon Road Lock: Plate 20. US, No improvements identified other than a wind cell above the 
right descending lockwall. DS, Vane dikes at RM 285.4 could help realign the dam outflow and 
reduce the existing cross currents in this area. The approach channel is narrow, often resulting in a 
hard push into the lock chamber (piston effect). Extracting first cuts of downbound tows with tow 
haulage can take several tries before the exit is accomplished. There is a high potential of 
improvement if the channel can be improved. Any excavation to widen and/or deepen the channel 
is in rock. 

Dresden Island Lock: Plate 2 1. US, No improvements identified. DS, Add a system of vane 
dikes to keep the dam outflow in line with Little Dresden Island and the approach to the narrow 
channel span of the Elgin, Joliet & Eastern Railway bridge. 

Marseilles Lock: Plates 22-24. US, Add one or two passing areas, one above the lock and one 
about halfway along the 2.5-mile approach canal. DS, no improvements identified. May consider 
vane dikes to direct the flow at RM 244.15 away from passing traffic. 

Starved Rock Lock: Plate 25. US, No improvements identified. DS, Add a “closure structure” of 
vane dikes upstream of Plum Island to limit the flow from the dam into the approach channel and 
reduce eddy currents which impact upbound tows, thus resulting in a more controlled approach to 
the lock. The siltation in the channel along Plum Island may be lessened or could be made worse. 
This should be studied further as part of any detailed improvement plan. 

Peoria Lock: Plate 26. US, Add vane dikes above the guidewall to reduce the outdraft. 
Placement of the control dikes may be limited by the commercial docks along the left riverbank. 
Have one tow length of straight approach. DS, No improvements identified. 
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La Grange Lock: Plate 27. US, Excavate/dredge the riverbank to widen and shift the channel. 
Add five wing dikes along the left descending riverbank. (Have one tow length of straight 
approach.) A model study is needed to identify potential time savings. DS, Add a trail dike off 
the end of the riverward lockwall. 

Cost. Table 4-47 summarizes the estimated first costs for these channel improvements. At sites 
where channel improvements are applicable, the costs vary from about $200,000 to $5 million. At 
Lock 16, the cost is as high as $14 million if the upper channel is relocated. In addition, annual 
maintenance costs also would be required. These additional costs average $170,000 (range 
$11,000 to $680,000) and $65,000 for downstream approaches (range $8,000 to $227,000). The 
costs do not include environmental impacts that will be added after they are quantified. There are 
no impacts to navigation during construction of channel improvements. 

Relationship to Other Small Scale Measures. Channel improvements are complementary with 
most measures and alone reduce downbound approach times by an average 12 percent. Channel 
improvements can impact the location of adjacent and remote mooring facilities at a lock site. 

Conclusions/Summary. The estimated savings in lock approach time at some locks is significant 
with channel improvements. Physical model testing should be considered to determine and verify 
the improvements needed to provide the most efficient navigation approach. 

3. Extended Guidewalls Plus Channel Improvements 

Descrbtion of Measure. Extended Guidewalls Plus Channel Improvements combines extending 
the guidewalls with the site-specific channel improvements discussed above for each of the lock 
sites. An example is shown in Figure 4-15 for a generic lock site. The costs are greater, but there 
are incremental time savings benefits with both improvements in place at some lock sites. 

Time Savings. The improved fly and exchange approach times were determined using the 
average relative improvement ratings from column 3 of Table 4-45. The calculated savings were 
subtracted from the existing times to obtain the improved times. The revised standard deviation is 
proportional to the ratio of the new mean time to the existing mean time. Improved approach 
times are shown in Table 4-48. The average improvement in the downbound fly approach time is 
about 5 minutes, with a maximum improvement of about 7 minutes. The average improvement in 
the downbound exchange approach time is about 3 minutes, with a maximum improvement of 
about 5 minutes. The average improvement in the upbound approach times is about 3 minutes. 

Conditions Affecting Imr>lementation. Refer to the “Extended Guidewalls” section of this report 
for lock locations where guidewall extensions are not applicable for the UMR and IWW locks and 
to the previous section on “Channel Improvements” for conditions affecting implementation of 
these combined measures. If one of the two individual measures was previously not 
recommended, the combination is not applicable. 

Costs. Table 4-48 gives the first costs for extended guidewalls plus channel improvements. In 
addition, annual maintenance costs would also be required. These additional costs average over 
$200,000 (range from $40,000 to $710,000) for upstream improvements and over $90,000 (range 
from $38,000 to $236,000) for downstream improvements. Any impacts to navigation are the 
same as described for the extended guidewalls improvement and must be included. Environmental 
impacts have to be added to the cost by the Environmental Work Group. 
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TABLE 447: COST AND PERFORMANCE OF CHANNEL IMPROVEMENTS 

APPROACH TIME CHANGES 
Existing Approach Times Approach Times w/Channel Improvements , Savings 

Doubles; m Double 
Doubles; Fly Doubles; Exchange Doubles; f-&Fly Exchange Approach Double Exchange 

Approach Time Approach Time Approach Time Tlme Fly Aw fwr 

COSTS’ Mean Std. Mean Std. Mean Std. Mean Std. Mean Mean 
Lock Site ($1,000’s) Values Deviation Values Deviation Values Deviation Values Deviation Savings Savings 

11 us 4,590 28.1 12.5 16.3 10.6 24.2 10.8 14.0 9.1 3.9 2.3 
DS NR 17.5 8.1 11 .o 8.0 NR NR NR NR NR NR 

12 US NR 20.5 9.7 18.5 9.5 NR NR NR NR NR NR 
I% 810 15.7 6.4 14.8 10.6 14.6 6.0 13.8 9.9 1.1 1.0 

13 US NR 18.0 7.7 18.0 10.7 NR NR NR NR NR NR 
DS NR 13.7 6.5 12.6 a.2 NR NR NR NR NR NR 

14 us 985 24.4 12.3 16.9 11.3 21.0 10.6 14.5 9.7 3.4 2.4 
ES 355 15.3 8.6 17.6 10.0 15.0 a.4 17.3 9.8 0.3 0.3 

15 us 742 24.0 14.7 30.8 14.9 19.4 11.9 24.9 12.0 4.6 5.9 
DS 240 16.7 9.1 31.8 23.4 14.9 a.7 28.5 21.0 1 .8 3.3 

16 US 13,600 31.7 14.8 22.0 12.8 25.6 12.0 17.8 10.4 6.1 4.2 
DS 150 19.5 7.7 14.9 9.9 17.8 7.0 13.6 9.0 1.7 173 

17 us 2,937 40.5 15.4 32.5 15.4 35.5 13.5 28.5 13.5 5.0 4.0 
DS 3,207 21.9 8.3 16.2 9.2 19.2 7.3 14.2 8.1 2.7 2.0 

18 US 210 32.1 14.3 21.0 14.1 30.4 13.5 19.9 13.4 1.7 1.1 
DS NR 16.1 6.9 19.4 13.5 NR NR NR NR NR NR 

19 us NR 17.7 13.8 24.6 13.0 NR NR NR NR NR NR 
DS 4.075 18.3 9.2 29.0 18.2 16.7 a.4 26.5 16.6 1.6 2.5~ 

20 us 4,700 31.7 15.2 18.3 10.3 27.8 13.3 16.1 9.1 3.9 2.2 
DS 1,275 30.9 15.2 22.3 13.0 27.1 13.3 19.6 11.4 3.8 2.7 

21 us 2,268 33.3 14.4 22.6 15.2 29.2 12.8 19.8 13.3 4.1 2.8 
DS NR 22.7 19.4 22.6 12.5 NR NR NR NR NR -NR 

22 us 4,836 49.9 15.9 27.9 18.1 43.8 14.0 24.5 15.9 6.1 3.4 
~ -~ DS m 35.9 14.6 23.6 13.2 NR NR NR NR NR NR 

24 US 1,600 22.2 12.1 22.8 15.5 19.5 10.6 20.0 13.6 2.7 2.8 
DS 150 15.9 a.9 15.5 9.3 14.5 8.1 14.1 8.5 14 1X 

25 us 1,020 23.8 12.8 19.0 10.7 21.7 11.7 17.3 9.7 2.1 1.7 
DS 850 15.1 7.7 17.1 11.1 13.3 6.8 15.0 9.7 1.8 2.1 

MEL US NR 22.3 10.7 18.1 10.1 NR NR NR NR NR NR 
PRICE DS NR 17.3 7.1 21.2 10.4 NR NR NR NR NR NR 

27 US NR 13.4 8.6 16.0 11.5 NR NR NR NR NR NR 
DS ~NR 14.5 7.5 13.6 10.4 NR NR NR NR NR NR 

LOCK- US NR 13.0 9.0 26.2 13.2 NR NR NR NR NR NR 
DS PORT NR 11.3 6.0 15.2 7.4 NR NR NR NR Ni? NR 

BRAN- US 500 17.9 7.7 16.8 10.1 NC NC NC NC NC NC 
--, . -- -.. ._ -_. ._._ ..- ..- ..- ..- ..- ..- 

DRE- R. IllSI __ NR 1 IA5 ..- 1 79 1 IAS ..- 1 RI 11 NR . 1 NR . I NR 

i i 
I NR 11 NR 1 NR 

DEN DS 409 13.9 7.1 15.7 6.9 NC NC NC NC NC 

MAR- US 2,000 20.3 5.9 13.9 6.4 See Note’ See Note’ See Note* See Notes See Note’ See Note* 
SEILLFS -iS NR 70 7 65 77 s II 7 NR NR NR NR NR NR __ - _ -_.. _._ --._ I ---- I ---- I I 

LV IUSI NR I 10.9 I a.8 I 17.9 I 2.0 11 NR I NR 1 NR 1 NR 11 NR I NR 

UMR 1 I-25 DS gg~~ 
~-~~lg~~~ 

~t.x-- .--iEr --iil?i--~ IT% -- 1.7 

Average US 1,338 14.4 7.5 16.4 7.7 See Note’ See Note2 See Note* See Note’ See Note* See Note’ 

Illinois DS 338 13.8 6.4 17.8 8.8 NC NC NC NC NC NC 
US = upstream, DS = downstream, NA = not applicable, NC = no change, NR= not recommended 

NOTES: 
1. An additional cost of $45Ok/site is anticipated for a model study to verify the site specific optimum. The environomental impacts are not included 
in the costs since they are yet to be quantified. However, they make up a potentially important component of the cost (impacts) side. 
2. Due to method of data recording and site factors, additional analysis was required to determine the time savings. 
This analysis revealed that at Marseilles lock roughly 25% of exchange approaches could be improved by 30 min. 
This savings also applies to roughly the same percentage of exchange exits for a combined savings of 60 minutes. 
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I 

US = upstream, DS = downstream, NA = not appkcaote. NL; = no cnange 

APPROACH TIME CHANGES 
Exlstlng Approach Times Approach Time with improvements Savings 

Double 
Doubles; Fly Approach Doubles; Exchange Doubles: New Fly Doubles; New Exchange Double Fly Exchang 

Time Approach Time Approach Time Approach Time Aw APPr 

COSTS’.’ ’ Mean Std. Mean Std. Mean Std. Mean Std. Mean Mean 

Lock Site ($1,000%) Values Deviation Values Deviation Values Deviation Values Deviation Savings Savings 

11 us 26.660 26.1 12.5 16.3 10.6 24.2 10.6 14.0 9.1 3.9 2.3 

NOTES: 
1. An additional cost of $450k/site is anticipated for a modal study to verify the site specific optimum. The environomentai impacts are not included 
in the costs since they are yet to be quantified. However, they make up a potentially important component of the cost (impacts) side. 
2. The impacts to navigation are the same as shown for the extended guidewall measure and must be added to the cost estimates. 
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RelationshiD to Other Small Scale Measures. This combination is complementary with most 
other measures. Channel improvements can impact the location of adjacent and remote mooring 
facilities. 

Conclusions/Summary. The combination of extended guidewalls and channel improvements 
gives a somewhat greater reduction in lock approach times than the individual measures do 
separately. Channel improvements generally provide a greater incremental approach time savings 
at less cost than guidewall extensions, and after confirmation by site-specific model studies, 
should be considered further as a betterment to lock transit time. 

4. Auxiliary Lock (Location 3) Guardwall (Alone) 

Descrbtion of Measure. A location 3 guardwall is constructed as a 1,200-foot upstream 
extension of the river wall of the auxiliary lock/miter gate bay (see Figure 4-l 6). While a 
guidewall is an extension of the lock chamber landside wall, a guardwall is a wall structure on the 
riverside of the approach channel, usually an extension of the riverside lockwall. Here, the 
guardwall is located farther riverward at the river wall of the auxiliary gate bay. Upstream 
guardwalls are constructed with openings below the waterline. These openings allow water to 
flow from the approach channel to the dam gates. This flow (outdraft) tends to pull a tow toward 
the guardwall. If the guardwall is located as an extension of the riverside lockwall, this helps to 
align the tow for entry into the lock chamber. In this case, with the wall located riverward of the 
lock chamber, there is some reduction in the outdraft and alignment of the current with the 
existing 600-foot guidewall which a tow still has to use to align itself for entry into the lock 
chamber. The 1,200-foot guardwall provides some added safety in preventing tows or breakaway 
barges from approaching the dam gates, causing potential damage to the dam and the barges as 
well as their cargo. Usually an opening is constructed at water level at the end of the guardwall 
nearest the miter gate bay. This opening, or trash chute, allows debris or ice in the approach 
channel area to flow back to the river. 

Time Savinqs. The improved fly and exchange approach times were determined using the 
average relative improvement ratings from column 4 of Table 4-45. These improvement ratings 
give average time savings of 3 to 4 minutes for the exchange and fly approach at the pertinent lock 
sites with a maximum savings of 6 minutes in the fly approach at Locks 17 and 22. This measure 
is not recommended by itself at a number of sites (see Table 4-49). 

Conditions Affectina Imr>lementation. The placement of a location 3 guardwall alone without 
any other upstream channel improvement is applicable at only a few lock sites where the existing 
riverbank above the lock goes landward, providing room for a tow (1,200 feet long) to approach 
the lock. A location 3 guardwall placement is possible at Mississippi River Locks 11, 12, 17, 22, 
24, and 25. On the IWW, a location 3 guardwall placement is possible only at Dresden Island, the 
only lock on the IWW with an auxiliary gate bay. 

Costs. The guardwall design is similar to the guidewall design except for the openings allowing 
flow to the dam gates. The design is discussed in the Extended Guidewall section of this report 
and is shown on plates 29 through 3 1 of Appendix C. Costs were calculated for Lock 2 1 (pile- 
founded site) and for Lock 22 (rock foundation). These costs were used to prorate costs for 
guardwalls at the other applicable lock sites. Table 4-49 shows the first cost for the location 3 
guardwall, which includes the cost to remove the existing 500-foot dogleg guardwall at Locks 11, 
24 and 25. In addition, annual maintenance costs of $10,000 per site are anticipated. 
Environmental impacts, an important component to the costs, will be added to the costs by the 
Environmental Work Group. Impacts to navigation during construction of a location 3 guardwall 
are described below. 
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Impacts to Naviaation. Under this small scale improvement, a guardwall would be added to 
the upstream end of the intermediate wall at locks where such an improvement would reduce 
congestion at the lock. The construction activities would have an adverse impact on navigation 
during construction. 

Most activities would occur in the navigation season since construction during the winter in 
the upper pool is assumed to be impossible from 1 January to 1 March due to ice conditions. 

The construction of this feature would generally have severe impacts to navigation and a 
large potential for construction delays, damage to features under construction, and towboat 
accidents, First, the existing upstream guidewall would be excavated and demolished, followed by 
installation of a temporary spud barge guardwall upstream of the intermediate lockwall. During 
intermittent, lengthy closures, features of the permanent guardwall would be constructed and the 
temporary wall would be incrementally removed. The construction time for on-site activities 
would be about 3 years for pile foundations and about 2.5 years for a rock-founded guardwall. 

When the lock would be available for navigation during the construction duration, helper 
boats would assist downbound tows onto the temporary wall. Downbound tows would be delayed 
as they move through the construction area. Construction and navigation would generally not 
occur simultaneously. The helper boat would act as a switchboat to pull first cuts of upbound tows 
to reduce congestion and to safeguard the construction area. The remake of upbound tows could 
occur on the long temporary wall, allowing quicker turnback of the chamber to service other 
upbound tows. 

There would be additional first costs to construct the wall above the plant, labor, and 
materials for the wall itself. There would be costs for the helper boat and temporary spud barge 
wall. The costs would be slightly higher for pile-founded guardwalls since the helper boat is 
required for a longer duration. The costs from both delay time to navigation and assistance to 
tows during construction are reported as impacts to navigation. 

Relationship to Other Small Scale Measures. A location 2 guardwall alone is complementary 
with most other measures, except for helper boats and switchboats to assist tows into the lock 
chamber due to a lack of maneuvering space. A lower guidewall extension can be combined with 
this measure to allow downbound tows to remake outside the lock chamber. 

ConclusionslSummary. Of the four sites on the UMR where a location 2 guardwall (alone) is 
applicable, only at Locks 12 and 17 is there an apparent additional reduction in downbound 
approach time over what a location 3 guardwall provides. 
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6. Channel Improvements Plus an Auxiliary Lock (Location 3) Guardwall 

Description of Measure. Channel improvements plus a location 3 guardwall combine the channel 

improvements discussed above with placement of a location 3 guardwall (see Figure 4-l 8). This 

combination provides some incremental benefit over placement of each of the two measures 

separately. 

Time Savings. The improved fly and exchange approach times were determined using the 

average relative improvement ratings from column 6 of Table 4-45. The average savings in the 

downbound fly approach time for the applicable sites is about 6 minutes. The average savings in 

the downbound exchange approach time is about 5 minutes. The calculated savings were 

subtracted from the existing times to obtain the improved times. The revised standard deviation is 

proportional to the ratio of the new mean time to the existing mean time. The improved approach 

times are shown in Table 4-5 1. 

Conditions Affectina ImDlementation. Channel improvements plus a location 3 guardwall is 

applicable to all the UMR lock sites except the following: Locks 12, 13, 14, 18, 19, Melvin Price 

and Locks 27. Channel improvements plus a location 3 guardwall is not applicable to any of the 

lock sites on the IWW because these locks, other than Dresden Island, do not have an auxiliary 

gate bay. Also, since there are no identified upstream channel improvements for Dresden Island, 

this combination is not applicable at Dresden Island. 

Additional upstream channel widening is needed at UMR Lock 20 to provide just one tow 

length of straight approach above a location 3 guardwall, as shown on plate 12 (Appendix C). The 

cost of this additional excavation/dredging including the environmental impacts may not 

incrementally justify any small reduction in approach time. 

The first costs for channel improvements plus a location 3 guardwall are given in Table Costs. 

4-5 1. The impacts to navigation are the same as described for the location 3 guardwall (alone). 

Costs include the removal of the existing dogleg guardwall at Locks 11, 24, and 25. In addition, 

annual maintenance costs averaging approximately $250,000 (range $60,000 to $680,000) are 

anticipated. 

Relationshb to Other Small Scale Measures. Channel improvements plus a location 3 

guardwall is complementary with most other measures. Implementing this measure excludes other 

approach channel improvements, including extended guidewalls and related measures (tow 

haulage, helper boats, switchboats) that provide for tow remake outside the lock chamber along an 

extended upper lock chamber wall. This measure can be combined with a lower guidewall 

extension to allow remake outside the lock chamber for downbound tows. 

Conclusions/Summarv. Channel improvements plus a location 3 guardwall provide an 

incremental savings in the downbound approach time over what these measures provide 

independently. As with any of the approach channel improvements discussed in this section, 

physical model testing should be considered during site-specific lock studies to verify the most 

efficient approach improvements. 
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7. Extended Upstream Guidewall Plus Channel Improvements Plus an Auxiliary 
Lock (Location 3) Guardwall 

Description of Measure. An extended upstream guidewall plus channel improvements plus a 
location 3 guardwall provides a slight incremental savings to the approach time over the 
combination of channel improvements plus a location 3 guardwall. In addition to lessening the 
delays due to outdraft resulting from channel improvements and a location 3 guardwall, the tow 
has the benefit of an extended IJOO-foot guidewall on which to land and align with the lock 
chamber (see Figure 4-19). 

Time Savinas. The improved fly and exchange approach times were determined using the 
average relative improvement ratings from column 7 of Table 4-45. The calculated savings were 
subtracted from the existing times to obtain the improved times. The revised standard deviation is 
proportional to the ratio of the new mean time to the existing mean time. The improved approach 
times are shown in Table 4-52. The downbound exchange approach times decrease by an average 
of 5 minutes. 

Conditions Affectina Implementation. Extending the upstream guidewall plus channel 
improvements plus a location 3 guardwall is applicable to all the UMR lock sites except the 
following: Locks 13, 14, 15, 18, 19, Melvin Price Locks and Locks 27. A site-specific model 
study of Lock 18 is needed to verify this assumption. An upper guidewall extension plus channel 
improvements plus a location 3 guardwall is not applicable to any of the lock sites on the IWW 
because these locks, other than Dresden Island, do not have an auxiliary gate bay. Also, since 
there are no identified upstream channel improvements for Dresden Island, this combination is not 
applicable at Dresden Island. 

Additional upstream channel widening is needed at UMR Lock 20 to provide just one tow 
length of straight approach above a location 3 guardwall, as shown on plate 12 (Appendix C). 

The first costs range from $38 to $54 million for this combination of measures, as shown Costs. 
in Table 4-52, plus the economic impacts to navigation during construction. The costs include the 
removal of the existing shorter guardwall where applicable. Additional annual maintenance will 
also be required averaging roughly $300,000 per lock (range $91,000 to $720,000). Environ- 
mental costs will be included once identified, if this measure is recommended for further analysis. 

Conclusions/Summary. The basic cost for this improvement is higher than the more efficient 
improvement which is discussed next: Channel Improvement Plus an Existing Lock (Location 2) 
Guardwall. However, the impacts to navigation are much less during construction of the extended 
guidewall and auxiliary lock guardwall than during construction of an existing lock guardwall that 
is in closer proximity to the navigation channel. 

8. Channel Improvements Plus an Existing Lock (Location 2) Guardwall 

Description of Measure. The combination of channel improvements plus a location 2 guardwall 
(upstream extension of the existing lock riverwall) generally provides the most efficient 
downbound approach to a lock (see Figure 4-20). This improvement includes removing the 
existing landside guidewall and tapering the bankline to provide a 200-foot navigable opening at 
the upper end of the location 2 guardwall. The guardwall construction and existing guidewall 
demolition must be performed together to maintain acceptable and safe conditions for approaching 
the lock chamber. 
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lek 4-52: COST AND PtRt-ORMANCt OF US GUtDtmLt. Cm M=RDV~~~NT PLUS LOCATfON 3 UPSI%AM GUL!X~XQILL 
COSTS’ APPROACH TIME CHANGES 

Existina Aoaroach Times Times WI the combined improvement Sac 

ruble FI) 

Awr 

Mean 
savings 

59 
50 

NA 

NA 

NR 

78 
9.2 

NA 

NA 

6.6 

7.6 
11.4 
5.0 
5.4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.1 
NA 

L 
Double 
xchanl 

APP~ 

Mean 
saving 

3.4 
45 
NA 
NA 
NR 
5.4 
7.4 
NA 
NA 
3.a 
5.1 
6.3 
5.i -.- ~ 
4.3 __~~ ~. 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA - 
5.0 
NA 

Doubles; Fly Approach 
Time 

Doubles; Exchange 
Approach Time 

Doubles; New Fly 
Approach Time 

Doubles. New I- 
Exchange Approacl 

Time 

Std. 
leviatio, 

a4 
72 
NA 
NA 
NR 
9.7 

11.9 
NA 
NA 
a.2 

11.8 
14.0 
12.0 
a.3 
NA 
NA 
NA 
NA 
Iii 
NA 
NA 
NA 
NA 

10.1 
NA 

Mean 
Values 

12.9 
14 0 
NA 
NA 
NR 
16.6 
25.1 
NA 
NA 

14.5 
17.5 
21.6 
17.6 
14.7 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

17.2 
NA 

3 
o= 

IS 

Impacts to 

Javigation’ 

(s;y;) 

9,723 
NA 

NA 
~NR 

10,348 
9.723 

NA 
t-k 

14,589 
10,348 
13.964 
14.589 
10348 ~-~--L-. 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

11,553.3 
NA 

applicable, 

“Ci 

1 
7 I 
fcomr 

Basic improvemel 
cost ($1,000’s) 

Std. Std. 
Deviation 

9.9 
7.3 
NA 
NA 
NR 
11.2 
11.9 
NA 
NA 

12.0 
11.1 
12.3 
9.4 
9.9 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10.6 
NA 

Std. 
Deviation 

12.5 
9.7 

7.7 
12.3 
f4.7 
14.8 
15.4 
14.3 
13.8 
15.2 
14.4 
15.9 

Mean 
Values 

16 3 
ia 5 
16.0 
16.9 

--3o.a 
22.0 
32.5 
21 .o 
24.6 
la.3 
22.6 
27.9 
22.8 
19.0 
la.1 
16.0 
26.2 
16.8 
14.5 
13.9 
17.9 
19.1 
22.9 
22.1 
16.4 

lctical or ec b = not 

lean Value 

22.2 
15.5 
NA 
NA 
NR 

23.9 
31.3 

NA 
NA 

25.1 
25.7 
38.5 
17.2 
la.4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

24.2 
NA 

licient). 

ean Val 

28 i 
20 5 
18.0 
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NOTES: 

1. An additional cost of $45Ok/site is anticipated for a model study to verify the site specific optimum. The environomental impacts are not shown 
on the cost side since they are yet to be quantified. However, they make up a potentially important component of the cost (impacts) side. 
2. These costs are for a temporary spud barge wall and helper boat assistance during construction. Also included are economic impacts to the navigation industry (i.e., delays/closures) 
that are shown on construction timelines at Appendix D. 
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Section 4 - Technical information on Determining Performance and Cost 

Time Savinas. The improved fly and exchange approach times were determined using the 
average relative improvement ratings from column 8 of Table 4-45. The calculated savings were 
subtracted from the existing times to obtain the improved approach times. The revised standard 
deviation is proportional to the ratio of the new mean time to the existing mean time. The 
improved approach times are shown in Table 4-53. The average improvement in the downbound 
fly approach time at the pertinent lock sites is about 9 minutes. The average improvement in the 
exchange approach time is about 7 minutes. 

Conditions Affecting Implementation. Channel improvements plus an existing lock guardwall is 
applicable to all the UMR lock sites except Locks 12, 13, 17, 18, Melvin Price Locks and Locks 
27. For Locks 13 and 18, an existing lock guardwall is not considered to be a time saver. Site- 
specific model studies are needed to confirm this. At Locks 12 and 17, an existing lock guardwall 
without any channel improvements already improves the approach as much as can be expected. 
The Melvin Price 600-foot auxiliary lock has a 1,200-foot guardwall. At Locks 27, the 600-foot 
auxiliary lock does not have an outdraft problem necessitating a 1,200-foot guardwall. 

Some lock sites require more extensive channel widening/shifting to accommodate an 
existing lock guardwall. Excavation into the Old Le Claire Canal at Lock 14 is needed to provide 
just one tow length of straight approach above an existing lock (location 2) guardwall (see plate 5 
of Appendix C). A location 2 guardwall at Lock 16 (as well as a location 3 guardwall) requires 
extensive shifting of the upper channel (see plate 7 of Appendix C). At Lock 20, additional 
extensive channel widening is needed above the lock to gain only one tow length of straight 
approach above the guardwall (see plate 20 of Appendix C). 

For the IWW, channel improvement plus an existing lock (location 2) guardwall is applicable 
only at La Grange Lock, and this is questionable. Extensive channel excavation is needed above 
the lock and this does not provide even one tow length of straight approach (the desired minimum 
two-tow length criteria can be relaxed for the IWW) (see plate 27 of Appendix C). 

Costs. The combined first costs for upstream channel improvements and an existing lock 
(location 2) guardwall are shown in Table 4-53. Costs include the removal of the existing 
guidewall and tapering the bankline to provide a 200-foot-wide navigable opening at the upper end 
of the guardwall plus the removal of the existing dogleg guardwall as applicable. In addition, 
maintenance costs are estimated at approximately $280,000 (range $30,000 to $587,000) annually 
per lock. Impacts to navigation are the same as for constructing an existing lock (location 2) 
guardwall. 

Relationship, to Other Small Scale Measures. This combination of channel improvements plus 
an existing lock guardwall is complementary with most other measures except for helper boats ant 
switchboats assisting downbound tows into the lock chamber. This improvement may eliminate 
the need for assistance into the chamber. A lower guidewall extension can be combined with this 
measure to allow downbound tows to remake outside of the lock chamber. This measure can 
impact the location of adjacent and remote mooring facilities at a lock site. 

ConclusionslSummarv. Channel improvements with an existing lock (location 2) guardwall 
generally provides the most efficient downbound lock approach where outdraft is a major concern 
such as at the UMR locks. At some locks, the desired minimum straight approach of two tow 
lengths (2,400 feet) above the guardwall is not attainable without additional major channel 
widening and/or relocation. 
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NOTES: 
1. An additional cost of $450Wsite is anticipated for a model study to verify the site specific optimum. The environomental impacts are not shown 

on the cost side since they are yet to be quantified. However, they make up a potentially important component of the cost (impacts) side. 

2. These costs are for a temporary spud barge wall and helper boat assistance. Also included are economic impacts to the 

navigation industry (i.e., delays and closures) that are shown on construction tiilines at Appendix D. 
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Glossary 

GLOSSARY 

These definitions apply to the terms as they are used in this document, except when 
the context conveys an obviously different meaning. 

approach - see lock approach 

barge - a large steel cargo-carrying vessel, connected to a towboat (and usually 
connected to other barges) to form a “tow” 

bow - the front end of a vessel or barge 

buoy - a hollow metal object that floats in the river to mark the limits of a channel, 
obstruction, or other important waterway feature 

CEMVP - St. Paul District Office of the U.S. Army Corps of Engineers in St. Paul, 
Minnesota, of the Mississippi Valley Division 

CEMVR - Rock Island District Office of the U.S. Army Corps of Engineers in 
Rock Island, Illinois, of the Mississippi Valley Division 

CEMVS - St. Louis District Office of the U.S. Army Corps of Engineers in 
St. Louis, Missouri, of the Mississippi Valley Division 

chamber - see lock chamber 

check post (sometimes informally called a “button”) - a metal pipe with a welded 
cap securely anchored to a lockwall or guidewall used to put hawser lines 
around from a tow (or cut of a tow) to hold the tow (or cut) onto the wall, 
keeping it from drifting away; also used to slow a moving cut 

congestion - a condition of high traffic levels causing delay to vessels using the 
navigation system as they wait for lockage availability while other vessels 
are locking through 

Corns - U.S. Army Corps of Engineers; the engineering branch of the United States 
Army with responsibility for the operation and maintenance of the Inland 
Waterway Navigation System of the United States 

coupling -joining two barges or a barge and a vessel together 

current - the movement of water, typically measured by velocity and direction 

cut - a group of barges that is only a portion of the towboat’s full load; the 
unpowered cut is the section of barges that is locked through without the 
towboat attached, typically the first cut of a double lockage; the powered cut 
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is that section of barges that still has the towboat attached, typically the 
second cut of a double lockage 

deckhand - a person who works as a crew member on a towboat charged with the 
handling of lines and lashings 

delav - the time a tow must wait after arrival at a lock to the start of its lockage 

DeLong Pier - a temporary pier made up of a barge that is anchored to the bottom 
with “spuds,” or piling, that is driven into the riverbed 

& - a wall (generally trapezoidal) of material, usually rock, used to train or align 
the flow of water in a particular direction; a dike may be submerged or 
exposed above the water surface 

double lockage - the process of locking a tow that is too large to fit into the lock 
chamber as a single lockage, but rather involves breaking the tow into two 
parts that are locked through individually 

downbound - traveling in the direction of the flow of the river 

exchange lockaae - when the vessel entering the lock passes a vessel traveling in 
the opposite direction departing the lock (one vessel is making an 
“exchange exit” and the other is making an “exchange entry”) 

expert elicitation - convening experts in a field to solicit their estimates of 
parameters with uncertainty, especially when there is a lack of relevant data 

fender - a device made of rubber, plastic, or wood, used to dissipate the energy of a 
vessel striking it or guide a vessel past a vulnerable structure 

flanking - a maneuver tows often use in making a lock approach or exit made 
difficult by cross currents and/or restricted navigable area. In flanking, a 
tow must slow to stop, or even reverse directions, and then slowly bring the 
bow of the tow to the desired alignment before proceeding. 

flv lockape - when a vessel enters a lock that is already prepared to receive it; the 
vessel does not have to wait for another vessel to lock through, nor does it 
pass a vessel that has just exited the lock; it can proceed directly into the 
lock (making a “fly entry”) and depart the lock with no obstruction from 
other vessels (a “fly exit”) 

forebav - the area just upstream of the upper miter (or lift) gates of the lock 
chamber 
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guardwall - a wall extending upstream or downstream from a lock chamber, located 
on the riverside of the lock, that serves to protect vessels from the force of 
river currents entering or discharging from the dam 

guide cell - a large, round structure, 20 feet or larger in diameter, consisting of a 
sheetpile cell filled with earth or concrete; the cell is strategically placed to 
allow tows to pivot on it or otherwise get or stay properly aligned with a 
lock 

guidewall - a long wall extending upstream or downstream of a lock approach, 
located on the landside of the approach channel, used to guide towboats into 
the lock chamber and temporarily moor tows or cuts of tows while they wait 
for the next step in a lockage process 

head - the energy of elevated water 

head differential - a difference in water levels; sometimes loosely called just “head” 

helper boat - a low-power towboat used to assist tows in entering or exiting a lock 
chamber 

Illinois Waterway - the commercial water route including the Illinois River, the 
Calumet-Sag Channel, the Chicago Sanitary and Ship Canal, and a portion 
of the Des Plaines and Chicago Rivers 

intakes - the entrance to the filling/emptying culvert 

intermediate lockwall - the common wall between two adjacent locks 

IWW - Illinois Waterway 

kevel - a heavy, metal deck fitting having two horn-shaped arms projecting outward 
around which lines may be made fast for towing or mooring a vessel 

knockout tow - a tow configuration whereby the towboat uncouples from its 
traveling position and moves into an empty space in the barge configuration 

L2 - Location 2 - place for the construction of a river guidewall, upstream extension 
of the river wall (intermediate wall) of the existing chamber 

L3 - Location 3 - place for the construction of a river guidewall, upstream extension 
of the river wall of the auxiliary lock/miter gate bay 

landwall - the landside wall of a lock chamber (except for the landward wall of the 
riverward lock of two adjacent locks which is generally referred to as the 
intermediate wall) 
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life-cvcle costs - all costs that a project will incur throughout its project life 

lift - the difference in water surface elevations from the upper pool to the lower 
pool; head differential 

lift Pates - steel gates that can be placed at either end of a lock (but more commonly 
used upstream) to maintain desired water levels in the lock and raised or 
lowered vertically to allow the passage of vessels; they can be used for 
passage of ice and debris as well 

& - natural fiber, synthetic rope or wire cable used in the maritime industry 

line haul boats - towboats used for moving barges on the system, typically higher 
powered (>2,500 hp) 

& - the lock chamber, guidewalls and/or guardwalls, as applicable, and 
appurtenances 

lock approach - the area through which tows must pass to reach the lock chamber 

lock chamber - the area of a lock between the upstream and downstream miter or 
lift gates that is emptied and filled to lower or raise vessels 

lock location - an alternative placement of a new lock at an existing lock and dam 
site 

lock person - a person who works at a lock and dam facility 

lock transit time - lockage time plus delay time 

lockage - the process of passing floating objects (vessels, ice, debris) from one pool 
water level to the next through a type of gravity-operated “water elevator” 

lockacre nrocess - the sequence of steps involved in a lockage 

lockaae time - the time a tow requires from the start of its lock approach to the 
completion of its exit (including all intermediate lockage steps) 

Lockmaster - the person locally in charge of a single lock and dam facility 

lockwall - the landside or riverside wall of a lock chamber 

lower pool - the water at the downstream side of a lock; tailwater 

LPMS - Lock Performance Monitoring System; used by the Corps of Engineers to 
track elements of lock operations 
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marginal traffic movements - Those shipments with the smallest rate differential 
between some other mode or use. If increases in rates on one mode occur, 
these are the first shipments to seek another mode or use. 

mate - a member of the towboat crew who typically has responsibility for deck 
operations during lockage; the mate is usually in direct communications 
contact with the tow captain 

miter gate - a steel gate used at each end of a lock chamber that opens to allow tows 
in or out of the lock chamber and closes to allow a change in water level 
within the lock chamber 

moorinp cell - typically a sheet pile cell 20 feet or more in diameter and filled with 
soil, rock, or concrete. Towboats tie off to them while awaiting lockage. 

navigation - water travel 

Navigation Notice - a communication from the Corps of Engineers to all concerned 
with river navigation, to provide guidance about the procedures, control, 
and management of Corps locks and to communicate safety and practices 
that will reduce damage to Government structures, commercial vessels, and 
recreational craft 

navigation system - the series of navigable channels, channel training works, locks 
and dams, and other elements necessary for navigation 

N-up/N-down - a locking policy whereby a certain number of vessels are 
consecutively locked through in one direction before a number are 
consecutively locked through in the other direction; for example, a 3-UP/~- 
down policy would require three consecutive vessels to be locked upbound 
before locking four consecutive vessels downbound; such a procedure 
would then be repeated until another locking policy was implemented 

open pass - a condition which occurs at navigable dams (such as wicket dams) 
when the wickets (or other navigable gate type) are lowered during higher 
flow conditions, allowing navigation over the dam, bypassing the lock, 
similar to open channel conditions 

outdraft - the current along the upstream guidewall that tends to pull a towboat 
away from the guidewall and towards the dam; the current depends upon a 
number of factors such as total river flow, channel alignment, channel 
depth, placement of structures, etc. 

pelican hook - a quick release mechanism used in barge couplings 
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performance - the lock’s capability to perform its basic function of locking boats. 
A high performance lock is efficient and consistent. A low performance 
lock operates more slowly and less consistently. 

pike pole - a long pole with a metal spike on the end; used by lock operators to 
move trash and ice in the lock chamber and approaches 

pilot - a licensed mariner who directs the operations of a towboat 

powered cut - the set of barges connected to the towboat after uncoupling for a 
double lockage 

present worth - the value (sum) of all costs (first costs, maintenance, replacement, 
etc.), discounted from the projected time of expenditure to the current time 
at a given discount (interest) rate; or, the amount that, if invested now at the 
discount rate, would be sufficient to pay all life-cycle costs as they are 
incurred 

propwash - the turbulence produced by a vessel’s propeller 

& - the flared end of a barge 

recess - the indentation that the miter gates move into in order to become flush with 
the lock walls, or that house other appurtenances that must not protrude 
from the lock wall into the lock chamber clear width 

recoupling -joining a powered cut of a tow with the unpowered during a double 
lockage after initially uncoupling to lock the tow in two parts; coupling 

reliability - the probability that a structure, or some significant component of it, will 
perform satisfactorily at a certain time given that it has performed 
satisfactorily up to that time. The inverse of reliability is the probability 
that the structure will perform unsatisfactorily over a given time interval. 

reliability analysis - a computational analysis to determine feature reliabilities 

RIAC - River Industry Action Committee; a maritime industry organization 

riverwall - the riverside wall of a lock chamber (except for the riverside wall of the 
landward lock of two adjacent locks which is generally referred to as the 
intermediate wall)RM - River Mile - on the Upper Mississippi River, 
indicates the distance in miles from the confluence of the Ohio River with 
the Mississippi River at Cairo, IL, following the main channel 

rubbing armor - steel embedded into concrete lockwalls and guidewalls to protect 
the walls from abrasion 
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setover tow - a tow configuration whereby a towboat pushes barges into the 
chamber, then uncouples itself and a portion of its barges, and moves into a 
configuration that fits into the lock chamber all at once 

sheet piling - long vertical interlocking metal pieces that, when fitted together, can 
form a wall; often driven down into the bottom and placed in a circular 
shape to form a guide or mooring cell 

shoaling - the river’s natural process of creating shallow areas by moving riverbed 
material 

a - the fixed concrete against which the miter gates seal 

sill depth - the depth from a defined minimum water surface elevation to the top of 
the sill (adequate clearance is needed for safe entry and exit of tows) 

single lockage - the process of locking a tow that fits entirely into the lock chamber 
without being separated into multiple parts 

& - any of the existing lock and dam sites included in the Navigation Study, e.g., 
Lock and Dam 20, Lock and Dam 24, Peoria Lock and Dam, etc. 

spool - the drum that holds the wire rope on a tow haulage unit 

steamboat ratchet - a device used to take up the slack in a coupling 

stern - the rear of a barge, tow, or other vessel 

straight single - a tow configuration that requires no reconfiguration prior to 
lockage 

submergence - the difference between the lower pool and the lock chamber floor 

switchboat - a large horsepower towboat that can remove unpowered cuts from a 
chamber and take them to an area where the towboat can recouple the cuts 

svstems models - economics models, including a simulation approach and 
equilibrium approach, which will be used by the study team in evaluating 
the various improvement measures 

tainter gate - a steel dam gate that uses a curved face of a pie-shaped wedge to 
control the flow of water 

timber head - a metal fixture on towboats, barges, or on the top of a lock wall used 
to secure a line to; it has two large round metal cylinderstow - a commercial 
river vessel consisting of a towboat and one or more barges 
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tow haulage equipment - a land-based powered cable system that removes 
unpowered cuts from lock chambers 

towboat - the part of a tow that provides the power and steerage for the tow, that 
pushes the barges and houses the pilot and crew 

traveling kevel - a kevel that is mounted on a rail on the top of the guidewall and is 
used to hold the bow of an unpowered cut close to the upper guidewall 
while it is being extracted from the chamber 

turnback - the process of locking through one vessel and then taking the steps to 
prepare the empty lock to receive another vessel traveling in the same 
direction 

turnback lockage - a lockage in which a tow locks through in the same direction as 
the previous tow; the tow can make its approach but must wait for chamber 
turnback to continue its lockage 

UMR - Upper Mississippi River 

uncoupling - disconnecting the barges of the unpowered cut from the barges (or 
towboat itself) of the powered cut 

unpowered cut - the set of barges not connected to the towboat after uncoupling for 
a double lockage 

upbound - traveling in the opposite direction of the flow of the river 

Upper Mississippi River - that part of the Mississippi River from Cairo, IL (about 
185 miles south of St. Louis, MO) to the rivers headwaters in Minnesota 

upper pool - the water at the upstream side of a lock and/or dam; headwater 

verification - check of the behavior of an adjusted model against a set of prototype 
conditions 

wicket dam - dam consisting of wooden wickets which can be lowered during 
higher flows, allowing navigation passage without a lockage 

winch - a hand or power-driven machine having one or more drums or barrels on 
which to wind a chain or rope and used for hoisting or hauling 

wing dams - rock “walls” that extend from the shoreline into the river and are used 
to maintain a deep channel for vessel traffic; rock dikes may be either 
exposed or submerged 
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